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, SECRETARY’S NOTE 

To be summoned to take up the duties of a secretary in the 
matter of organising and editing this publication as a fitting adjunct 
to Acharyya Sir Prafulla Chandra Ray’s Septuagenary Celebra- 
tions is an honour too high for one who may scarcely have any 
other claim to it than being by accident a humble pupil of the 
venerable savant, who yields to none in his devotion to his 
teacher The opportunity for service — a supreme chance of pay- 
ing homage to my Guru — has been, however, a deciding factor in 
my case The call was too compelling to be ignored. The regaid 
and admiration which I have for my Professor and for his noble 
work in diffusing the knowledge and practice of science at once fill 
me with an inspiration and enthusiasm in my undertaking The 
task has been by no means easy, and while I weigh against it my 
own limitations, my enthusiasm, however, turned the scale 
The decision to publish a COMMEMORATION VOLUME 
was taken on the 1st March, 1932 and a Board of Editors was 
also appointed on that date It was not till the 1 2th April follow- 
ing that the Editors came into grips with the difficulties of the 
undertaking It was not an easy matter to get ready a publication 
of suitable contributions from distinguished men of letters and 
science within the time at our disposal For a time it, appeared 
to be very doubtful whether our project could materialise before the 
11th December 1932, the day fixed for the Celebration of which 
it was intended to be an organic part 

As a result of the Secretary’s constant correspondence and 
lepeated reminders no less than seventy four learned contributions 
were received m time Freedom was given to the contri- 
butors as to the subject and size of their contributions. These, 
however, could not be grouped for want of time under different 
sections according to their subject-matter They were printed as 
they came in Another editorial difficulty was that the final proofs 
were not received as they were sent out to the respective writers 
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Tins has made the order of lire articles largely accidental and 
mechanical 

The Volume as it is, with all these defects and difficult!* s, v ill 
1 trust, be found by the weight of its contents worthy of the dis- 
tinguished Scientist to whom it is dedicated I he Board oi 
Editors record their respectful appreciation of the ready co-opcrn- 
lion they have received from so many learned men, both here and 
abroad As Secretary to the Board 1 owe special ntknow lodgment 
to them for their ungrudging assistance and helpful suggestions 
My thanks are also due to the Assistant Secretary for all 
his labours The Printers and Block-makers, ns also Mr H.inpadn 
Ray, the artist deserve commendation for their respective services 

Cn behalf of ihe Board of Editors, as on my own, ! now pro- 
ceed to offer to Acharyya Sir Prafulln Chandra Ray tins conr r <t' 
manifestation of our united efforts as our humble tribute of lo\e, 
lespect, admiration and reverence which the great sn\nnt In lus 
genius, peisonahty and achievements kindles and inspires in tr 
Acharyym Ray’s services to the cause of education, sc icncc and 
liteiature, his zeal for the well-being of students, his philanthropic 
and humanitarian activities, his devotion to the cause of mcial 
and economic uplift and industrial regeneration of our country arc 
well-known to all His simplicity of life and spirit of ascetic self- 
denial, his amazing capacity forw'ork, lus endearing manners. Ins 
unbounded sympathy and patriotism arc irresistible charms winch 
at once captivate our heart, and inasmuch as they arc a source of 
inspiration to the present and future generations of lus countrymen, 
lay a just claim to a filling recognition 

My task now done, I shall treasure up my association with 
the Acharyya Ray Commemoration Volume as one of the 
happiest events of my life which has afforded me an occasion to 
share m a common effort of paying homage to flint gifted and high- 
souled savant 

50, Kailas Bose Street 
Calcutta, Dec 11, ’32 


Satya Churn Law 
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FOREWORD 


The task of inditing a Foreword to Acharyya Ray Com- 
memoration Volume naturally devolves on the President of the 
Board of Editors, and as such, it is not without a sense of my limita- 
tions that I undertake this task, though at the same time I feel I 
cannot let this opportunity go without expressing my gratitude for 
the great honour conferred on me 

Acharyya Sir Prafulla Chandra Ray Kt , C I E , D.Sc , 
Ph D , F C S having, by the grace of God, completed his 
seventieth year, it was resolved at a representative meeting of his 
students, admirers and countrymen held on the 1st March 1932, 
“to take steps to celebrate his Septuagenary m a manner compatible 
with the measure of love, respect, admiration and reverence 
which the great savant, by his genius, personality and 
achievements, kindles and inspires m them” Of the programme 
of celebration settled at that meeting the publication of a Com- 
memoration Volume was to form an integral part, and for that 
purpose a Board of Editors was constituted as follows ‘ 

Hirendra Nath Datta, M A, B L , Yedantaratna, President 

Meghnad Saha, D Sc , F R S 

Jnan Chandra Ghosh, D Sc 

Rajsekhar Bose, M A , B L 

Charu Chandra Bhattacharyya, M A 

Satya Churn Law, M A , B L , Ph D , Secretary 

Satyendra Nath Sen-Gupta, B Sc , Asst Secretary 

The Board decided to bring out a handsome volume dealing 
broadly among others with such subjects as science, literature, eco- 
nomics and industries, sociology, religion and philosophy, and for 
which contributions were invited in the following languages, 
viz , Bengali, English, Hindi and Sanskrit 
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The response to the Board’s appeal for help and co-operation 
,om persons distinguished m public life and in the fields of science, 
.Tnlosophy, literature and art was very encouraging, and the fact 
that the contributions came from both far and near eloquently 
testifies to the love, esteem and reverence m which our ascetic 
savant “m simple Indian dress and wearing simpler manners” 
(I am borrowing Mahatma Gandhi's words) is universally held 

My first words must be those of cordial thanks to the several 
contributors for their generous and prompt response While taking 
stock of the yield, rich and varied as it has been, the Board of 
Editors congratulate themselves that they have been able to gather 
in their garner a bumper harvest, which they venture to think is 
not wholly unworthy of the all-too-unconscious Karmayogin, with 
whose name this Commemoration Volume is associated 

The simple annals of Sir P C Ray’s life arc soon told. Born 
m 1861 in a small village m the Khulna District m a middle class 
Bengali family, he got his primary education in the village school , 
he was then brought by his father to Calcutta, where he matriculated 
from the Albert School in 1878, and having taken his admission 
into the Metropolitan Institution of Pandit lswar Chundcr 
Vidyasagar passed his F A Examination m 1880. In 1882, while 
still a B A student, he went to England, having been able to 
secure the Gilchrist Scholarship Before he left India he had 
come m direct touch with two lemarkable personalities, Keshab 
Chunder Sen and Surendranath Banerji The fascinating spiritual 
fire of Keshab Chunder and the burning patriotism of Surendra 
nath made a deep and abiding impression on his mind, which he 
still carries as a part of his ‘‘Psyche ” 

Arnved in Scotland, Prafulia Chandra Ray (as he then was) 
joined the Edinburgh University, taking up the B Sc. course and 
inhibiting for the time being his early partiality for history and 
literature, devoted himself to an intensive study of Physical 
Science, especially Chemistry under the inspiring guidance of Pro- 
fessors T ait and Brown He took his B Sc degree at that University 
in 1 885 and his Doctorate (D Sc ) m 1 887 — also securing the Hope 
Prize, which enabled him to prolong his stay and research work in 
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Edinburgh In 1888 he returned to India and m 1889 joined the 
Calcutta Presidency College as Professor of Chemistry — which 
chair he had filled with marked distinction until 1916. 

May I here make vocal a personal complaint which I have 
cherished inwardly against Dr P C Ray ever since my college 
days ^ Why did he linger m Scotland for two years and join the 
Presidency College only m 1889 — just when I was timed to leave 
it — and thus deprive me of the proud privilege of being counted 
among his pupils ^ But vain regrets do not alter the past, 
howsoever they may influence the future 

By 1915, thanks to the munificence of Sir Taraknath Palit 
and Sir Rash Behari Ghose, the College of Science had 
been estabhshed by the University of Calcutta and in the natural 
course of things Dr P C Ray was invited to take charge of its 
Chemical Department He accepted this offer and has since been 
m responsible charge He still works in his laboratory generally 
from 9 a m. to 4 p m with an hour’s interval for meal and rest 
and knows no other respite even on all holidays save the 
Summer Vacation Thus Science still is and has been for the last 
45 years or more his preoccupation Not that Science is his only 
occupation Far from it, he has been and still is engaging himself 
m many other useful pursuits — other nationbuildmg work But 
when all is said and done, Science is and remains his Suo Ram — 
“the favourite wife” of this inveterate bachelor The Dewan of 
Mysore once rebuked him (in a friendly way) that he had been 
giving a portion of his time to Khudder and untouchabihty — 
especially the former, depriving Science of her just dues As we 
know, Dr Ray has abounding faith m “achieving Swaraj at the 
point of the Spindle” — a touching partiality which I, for one, am 
unable to share What, however, was Di Ray’s reply 3 — ‘A year 
is made up of 12 months and each month of so many days and each 
day of so many hours What does it matter if I devote a fraction of 
my time to these other pursuits^’ For a person possessed with his 
prodigious capacity for work — for one who pays unto each unfor- 
giving minute of each hour its legitimate tribute — this attitude is not 
unreasonable , for he is one of those few who have mastered the 
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_-ciet of Yoga, which has been rightly defined as ‘skill in action’ — 
the ability ‘in the midst of the crowd, to keep with perfect sweet- 
ness the independence of solitude 

It is not for me a mere layman to appraise Dr Ray’s achieve- 
ments as a scientist or say about the contributions he has made to 
our stock of chemical knowledge. On this let his own original work 
and papers contributed to scientific journals abroad (and their 
numbers run into 3 figures) speak for themselves But this I know 
as well as others that he is by universal consent regarded as 
occupying an honoured seat m the front rank of the world’s great 
chemists Sir W G Pope, the President of the Chemical Society 
when congratulating him on his well-merited knighthood spoke of 
his “unique work m connection with the development of chemical 
research m India 

Shakespeare “who saw life steadily and saw it whole’’ speaks 
of a man of genius (one of his own immortal creation) as 
not merely a wit himself but the cause of wit m others Bj' his 
genius and application Dr Ray has not only been holding aloft the 
loich of Chemical Science in India but has been able to light the 
flame in kindred hearts His laboratory has proved the nursery of 
the young chemists of our New India, and not a few of his pupils 
have achieved European reputation as chemical investigators and 
researchers of high merit Mention may also be made of Dr Ray’s 
interest m Zoology and Biological Science, and his Zoological 
Primer published several years ago He has kept up his interest in 
the subject as is witnessed by his several recent contributions to the 
bi-monthly Scientific Journal, P) adrift 

In this connection 1 may say a word about Dr P C Ray’s 
quality as a teacher There is nothing of stand-offishness m his 
composition — which is not unoften the characteristic of the modern 
teachers, some of whom make it their business not to look their 
students m the face He comes very close to the Rishi-Gurus of 
ancient India, whose relations with their Shisyas weie of filial 
cordiality — who were true spiritual fathers to their pupils and ins- 
pired them with their own lofty ideals Dr Ray is and continues 
to be a student, a hoary-headed student — a student m the midst of 
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his students Age hath not withered him he loves to speak of 
himself as a Chhatra, which m fact he is Naturally his students, 
both of the past and present, speak enthusiastically of him, and of 
their debt of deep gratitude to him 

1 have already referred to Dr P C Ray’s KarmaSha\ti , his 
wonderful “will to work ’’ A splendid illustration of this is 
furnished by the Bengal Chemical and Pharmaceutical Works Ltd , 
an enterprise which, starting with the tiny capital of Rs 800/- 
furnished by himself, has become the largest concern of its kind in 
India — with a capital of over 25 lakhs and with ramifying activities 
in several allied fields But this by no means exhausts his indus- 
trial activity and we find him inspiring and pioneering seveial 
other industries, all designed to foster the economic regeneration 
of India — e g , the Bengal Pottery Works, the Calcutta Soap Works, 
the Bengal Canning and Condiment Works, the Bangiya Inland 
Steam Navigation Co , &c , &c That is why his friend and life- 
long colleague, Sir J C Bose speaks of ‘his dual capacity as 
path-finder (m the field of research) and originator of work of great 
utility ’ 

When speaking of his capacity for sustained work one loves 
to recall with pleasure and pride his unique services in connection 
with the Khulna famine of 1921 and the disasterous floods 
m North Bengal m 1922 The Scientist for the nonce transformed 
himself into an organiser of flood relief and became the life and 
soul of a stupendous organisation, which collected in a short time 
over seven lakhs of rupees and did splendid relief work One also 
thinks of his “wander lust,” which impels him mspite of his feeble 
physical frame to undertake journeys to all parts of the world — a 
self-imposed Odyssey of considerable dimensions (It is a sober fact 
that within the last few years he has covered more than 100,000 
miles in and out of India) And when one recollects that this 
Odysseus is a chronic dyspeptic, afflicted with age-long insomnia, 
and that besides indulging m his Pilgrim’s Progress he gives 
his attention at one and the same time to such widely divergent 
subjects as Chemistry, Industry, History, Antiquity, Literature, 
Social reform, Politics, Education, Swadeshi and Khudder, and 
maintains an active and intimate touch with numerous public Institu- 
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tions such as the Calcutta University, the National Council of Edu- 
cation, Bengal (of which he is the president), the Bangiya Sahitya 
Pansad (which has thrice elected him to fill its presidential chair), 
the Indian Institute of Science (where he sits on the governing body) 
and in addition presides over or assists numerous conferences and 
convocations — e g , the Indian Science Congress, the all-Bengal 
Literary Conference, the Congress of European Universities, the 
Indian Social Conference, one is truly filled with wonder 
and realises how the soul, if it will, can dominate the body As 
Dr Ray has truly said of himself — “My appetite simply grows on 
what it feeds upon (what a triumph for vitalism ') and by a long 
course of progressive degeneration” (^) he has (as has facetiously 
expressed it) “by now become the property of anybody and every- 
body” and may I add of anything and everything 

I have spoken before of Dr Ray’s early penchant 
for history and literature, which he tried to suppress at 
Edinburgh But what use^ Nature will assert itself — Prak/itim 

Yanti Bhutan i — and suppression is of small avail So we find him 
even before he left the shores of Scotland writing his booklet “India 
before and after the Mutiny” which Principal Sir William Muir 
characterised as “bearing marks of rare ability ” Th*s Cerberus 
has dogged his footsteps all through life and I am reliably informed 
that even now by way of sop to this creature he has to devote at 
least an hour every afternoon to the study of literature and history 
No cloud us without its silver lining This study apart from 
anything else has, if 1 may say so without disrespect, saved our 
savant, from being turned into a pedant which he assuredly 
would have become if he had been exclusively devoted to Science 
To it we also owe his monumental Histoiy of Hindu Chemistry 
(m two volumes) — a work of rare merit which occupied 
all his spare time, as he has himself x told us, during 
1 5 years or more and which is a monument of scientific 
as well as of historical and antiquarian research To the same 
penchant we are beholden for books and pamphlets like “The 
Misuse of the Bengali Brain,” “The Bread Problem,” “Endeavour 
and Success,” “Essays and Discourses” and numerous articles, 
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papers and speeches and addresses — some of them models of lucid 
expression and thoughtful exposition — and last, but not least his 
latest work _ ‘Life and Experiences of a Bengali Chemist’ — an 
eminently readable and factful book of reminiscences, full of 
interesting anecdotes with illuminating side-lights on men and 
things. 

Mysterious truly are the workings of the “Unconscious’ f 
Here is a man who eschews wealth on principle, whose tempera- 
ment is abhorrant to acquisitiveness, who has never cared for 
,wordly possessions and who rigidly follows, if man has ever 
followed, the Christian precept (which is also the precept of our 
own Rishis ) — “Thou O man of God 1 fly these things (desire of 
money and its attendant evils) puisue justice, godliness, faith, 
charity, patience, meekness” — yet he lives laborious days to 
increase the wealth of the nation and insistently calls on his 
countrymen “lulled by the langour of the land of lotus” to gird up 
their loins to heap pence upon pence until they swell into pounds 

What, one may ask, is the secret of Sir P C Ray’s widespread 
popularity among his countrymen ^ No doubt his great achieve- 
ments in the field of chemical science and his countrywide services 
carry their appeal Mahatma Gandhi has spoken of him as a great 
and good servant of India Great he undoubtedly is But good- 
ness, from the Indian standpoint, is greater than greatness and 
Acharyya Ray is ever more good that he is great And it is his 
goodness — his childlike simplicity, his suavity of manner, 
his ready accessibility, his unblemished purity, his 
unostentatious charity, his voluntary poverty, his plain living 
and high thinking, his enthusiasm and optimism, his innate 
spirit of self-denial, his incurable hai_.it of always taking a back 
seat, his sweetness and light, his sturdy independence, his in- 
flexible incorruptibility, his quiet reserve of strength, his “do or 
die’ ’ attitude towards life — in one word his nobility of nature which 
has made him the cherished idol of his people Service and 
Sacrifice — these are his watchword and one rightly feels 
there is for them no higher example to emulate 

I cannot more fittingly conclude this Foreword than by quoting 
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the eloquent words which our Board’s Secretary, Dr Satya Churn 
Law used, when sending out Ins invitation for contributions 
to the present volume — which words I heartily endorse 
“Acharyya Ray’s services to the cause of education, science 
and literature, his zeal for the well-being of students, his philan- 
thropy and humanitarian activities, his devotion to the cause of 
social and economic uplift and industrial regeneration of our 
country are well known to all His simplicity of life and spirit of 
ascetic self-denial, his amazing capacity for work, his endearing 
and accessible manners, his unbounded sympathy and patriotism 
are irresistible charms which at once captivate our heart and in as 
much as they are a source of inspiration to the present and future 
generations of his countrymen, lay a just claim to a fitting 
recognition” 

1 also place on record my appreciation (which 1 feel 
sure is shared by all my colleagues) of the untiring labours 
of Dr Law m connection with the work of the Editorial Board and 
of his generosity m shouldering expenses for the publication of this 
volume At the same time I must not omit mentioning how deeply 
the Board are grateful to Mr Satyendra Nath Sen-Gupta, our most 
unassuming and devoted friend and indefatigable Assistant Secre- 
tary, but for whose ungrudging services they feel they could have 
hardly achieved their object within the short time at their disposal 

Lastly 1 offer my sincere apologies on behalf of the Board of 
Editors to those friends, both here and abroad, to whom we may 
through oversight have missed sending the invitation to contribute 
to this Commemoration Volume 


Calcutta 
Dec 11, 1932. 


Hirendra Nath Datta 
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Acharya Ray I had the privilege of knowing for the first time 
when Gokhale was h’s next-door neighbour m 1901 and I was 
undergoing tutelage under the latter It was difficult to believe 
that the man m simple Indian dress and wearing simpler manners 
could possibly be the great scientist and piofessor he even then 
was And it took my breath away when 1 heard that out of his 
princely salary he kept only a few rupees for himself and the rest 
he devoted to public uses and particulaily for helping poor 
students Thirty years have made no difference to the great and 
good servant of India Acharya Ray has set us an example of 
ceaseless service, enthusiasm and optimism, of which we may well 
be proud 
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Sir P C Ray has produced a deep impression m his dual 
capacity as a pathfinder and originator of work of great utility 
From the earliest days he exhibited a special faculty for carrying 
out original investigations of a high order It is impossible at the 
present time for others to realise the numerous difficulties 
and obstacles that confronted him But these were never able to 
stand in the way of reaching the goal he had set before him , on 
the contrary they-served as < a stimulus to awaken to the utmost his 
latent powers - - - 

In his long and distinguished career as a scientific investigator, 
which happily is not over yet, he has not only made important 
contributions in advancement of science, but has also evoked the 
true spirit of research among his disciples, many of whom now 
occupy very prominent positions in the scientific world Such an 
achievement m the lifetime of one man is indeed remarkable but 
Sir P C Ray has done a great deal more 

He was one of the first to realise the importance of Indian 
industries for the economic advancement of the country With 
this object m view he risked the very little he possessed , and the 
venture started m this modest way has now grown into perhaps 
the most successful chemical industry m the whole of India By 
his personal faith and enthusiasm he has succeeded in enlisting for 
this work the whole-hearted devotion of his collaborators 

His twofold achievement of a scientific investigator as well 
as the founder of an important industry m this country on up-to- 
date lines, has rightly entitled him to be regarded as a benefactor 
of his country 

How far these works are traceable to his extreme simplicity 
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of life and the innate spirit of self-denial is known to me as an 
intimate friend who has known him for nearly half a century The 
self-discipline that he acquired m his earlier days of struggle, has 
been his greatest asset, enabling him to work ceaselessly mspite 
' of his having a none too strong constitution It is the strength 
arising from his innate belief in the future that has preserved in 
him the vitality and optimism of youth inspite of his age 
of three score years and ten 

Others have also profited by his self-denial He has wanted 
little and kept even less for himself, the rest being given away 
freely to poor students and in charities The association of plain 
living and high thinking is always very rare , in addition to these 
there is in Sir P C Ray the element of vigorous action which 
knows no rest The combination of such qualities m a single 
individual is indeed rare m any country, and there can be no higher 
example for the young generation to emulate than the life of this 
great teacher 
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The Future of Chemistry in India 

B\ Hemy E Aimstrong (London) 


I am specially drawn to Sir Prafulla Chandra Ray and would 
join my tribute to those of his other friends, because of my interest 
m the unique combination of gifts in his intellectual character and 
my admiration of the work he has accomplished, as well as of the 
example he has set Of distinguished literary parentage, his own 
early English training was literary m a way unknown even to 
Englishmen He is, m fact, an illustration of what might happen 
to us if we were trained through intensive study of our own 
language which we seldom, if ever, are advisedly As a youth, 
during a long period of illness, he was an ardent student of English 
classic writers but he heard both Prof Elliott’s university lectures 
on Physics and Prof Pedler’s on Chemistry before going to 
England, m 1882, when he came of age, as holder of a Gilchrist 
scholarship His intention was to remain a literary student fore- 
seeing, however, that the future progress of India was bound up 
with the pursuit of scientific inquiry, he allowed himself to 
be gradually tempted away from literature and history, although 
he continued the study of economics and politics He was six 
years a student in Edinburgh University, where he came under 
Profs Tait and Crum Brown I am not surprised that he was 
attached into Chemistry Crum Brown personally was one of the 
most engaging men that it was possible to find and unquestionably 
the most philosophically minded chemist of modern times 

Not a few English chemists have had an early so-called classi- 
cal training m Latin and Greek 1 do not know of one who also 
had an English training such as Ray enjoyed He writes a perfect 
English What is striking in himhs the completeness and breadth 
of his modern outlook, as opposed to the confined, purely classical, 

2 
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retrograde outlook of so many English literary scholars , we may 
learn a valuable lesson from him m this respect Despite his 
English training, he has remained absolutely oriental in habits and 
tastes and has always lived an ascetic life Probably, his health 
has suffered not a little from too spare a diet had our present know- 
ledge been available, he would scarcely have taken so little care of 
himself. 

He adopted Chemistry as a career on his return to 
India. From 1889 onwards, as a Professor in the Presidency 
College, Calcutta, he was mainly engaged in abstract chemical 
inquiry work which has led to his being termed “Master 
of Nitrites”, a description 1 myself applied to him years ago 

He is noteworthy among his countrymen, even among 
academic chemists generally, by reason of the remarkable practical 
ability he has shown in founding and directing the Bengal Chemical 
and Pharmaceutical Works When 1 visited him in Calcutta, late 
in 1914, I was much struck by the simplicity of his living quarters, 
the shelves laden with English classics, Carlyle, Emerson and many 
more I was still more impressed by what I saw m his most interest- 
ing chemical factory All idea of his being but a dreamer at once 
vanished . obviously he had combined dreaming with practice in a 
most remarkable way The arrangements were strikingly original 
Whatever thought of his being narrow in his outlook one might 
have gained from his entire devotion to one very special theme m 
academic chemistry, his handling of his science m the works gave 
clearest proof of his wide outlook and general grasp 

Letters will out 1 Whilst ever the practical chemist, he has 
found time to write an outstanding History of Hindu Chemisti y , a 
work of great erudition, involving fifteen years of profound study 
In addition, he is an idealist an unsparing social worker, his whole 
mind has been given to helping forward his countrymen’s interests 
Being what he is and where he is, the general sanity of his outlook 
has been most surprising It is men such as he, of broad culture, 
highly imaginative but at the same time practical, that are needed 
for the public service of chemistry to-day, not mere academic 
research workers. 
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In type Sir Prafulla Ray is perhaps more like a Frenchman 
than an Englishman m his leceptive habit of mind . the nearest 
comparison I can make is to contrast him with Berthelot, not only 
a many-sided chemist but also an agronomist, man of letters and 
politician Let me say frankly, Ray is not great as a chemical 
specialist nor was Berthelot he has been occupied m too many 
directions, too much kept aloof from the field of chemical dis- 
covery and its masters, to have lost himself in the contemplation 
of the maze of chemical experience to the extent necessary to be 
entirely overcome by the magic and immensity of its problems 
None the less, he is the founder of the Indian Chemical 
School He has realised the truth of the wonderful words Rudyard 
Kipling has put into the mouth of the Holy Mahub in Kim — 
“Education greatest blessing when of best sorts, otherwise 
no earthly use ’’ In India, perhaps more than anywhere, in 
future success will depend more upon the observance of the policy 
they indicate than in any development of research upon the narrow 
lines of academic practice 

His chemical character may be said to have been formed at 
a restful period — just before undermining storms set in His first 
English teacher, Pedler, had been simply brought up, on thoroughly 
practical, honest lines. Crum Brown, a great master of his art, 
will have exercised a more philosophic influence upon his mental 
development The period was not yet when chemistry was to be 
expanded, not on strictly scientific principles but, m large part, on 
religious lines, as the worship of faiths and doctrinal practices 
rather than of verified, unassailable fact Ray is, therefore, not 
the modern, speculative, uncritical chemist but a late comer m 
the good old school that would take nothing for granted 

I can in large measure recapture the influences that were at 
work in framing his outlook as a chemist, as 1 knew both his trainers 
intimately. Pedler came to the Royal College of Chemistry, where 
I was a student, m 1867, after spending two years m studying 
pharmacy We were intimate friends to the end of his life, in 
1918. Frankland set him the task of separating the two amyl 
alcohols in fusel oil, following Pasteur’s directions; he was 
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to oxidise these to the two corresponding valeric acids so as to 
ascertain the special properties of the active acid This was the 
first study of optically active compounds undertaken after Pasteur 
had specially directed attention to the phenomena of optical activity- 
The work was done in the basement laboratory at the Royal College 
of Chemistry, not at the Royal Institution, as Sir William Tilden 
states m his Obituary notice of Pedler In evaporating down large 
bulks of liquid, he stank the place out I have ever since ‘smelt’ 
Fusel Oil, Optical activity and Pedler together — 

“Smells are surer than sounds or sights 
To make your heart strings crack — ’’ 

Van’t Hoff did not become the advocate of the tetrahedral 
hypothesis in explanation of optical activity until 1875, two years 
after Pedler was appointed Professor m Calcutta The Arnhemus 
electrolytic dissociation hypothesis had not attracted any great 
attention up to the time when Ray left Edinburgh James 
Walker, who was his fellow student, had not yet visited Leipzig 
to be overcome by Ostwald The two speculations which have 
most influenced modern opinion, up to the time when electronic 
considerations were introduced, were therefore brought under both 
Pedler’s and Ray’s notice from a distance, so did not influence 
either m any special way Both may be said to have been rational 
conservatives 

Merely as a chemical student, I early became interested in 
India as the land of Indigo and a variety of other dyestuffs, also 
the land of the Poppy, at a time when we were only beginning to 
guess at the constitution of complex natural compounds Early 
in the 70 ’s, I came into touch with its snakes, as a considerable 
amount of cobra poison, collected by Sir Joseph Fayrer, was put 
into my hands by my friend Lauder Brunton, the physician I 
did what little I could with it Nothing alkaloidal was to be found 
and at that time we were in no way able to account for its virulence. 
A few years later, I was fortunate m obtaining, through Kew, 
directly from India, two new turpentines — from Pinus hhasya and 
Pinus longijolia, ( The oil from Pinus \hasya was of special 



The Future of Chemistry in India 


• 13 

interest, as it proved to be the optical opposite of French Oil of 
Turpentine, it is now known to be almost entirely dextro- a- 
pinene, Pinus \hasya may therefore be ranked high among conifers 
as setting the highest example of a pure life , that its French cousin 
should be left-handed is more than passing strange — the two trees 
deserve close comparative study 

When the City and Guilds of London College was established, 
at South Kensington in 1884, there was much talk of the Indian 
Civil Engineering College, at Cooper’s Hill, near Windsor My 
friend McLeod, who had been lecture assistant to Hofmann and 
then to Frankland, was Professor of Chemistry there My 
engineering colleague, Prof Unwin, came from there Unfor- 
tunately, the College was soon closed down and our College, in a 
measure, took its place, as a school for men going out to India — 
(Sir) Alfred Chatterton and many others In this way, I was more 
directly brought into touch with Indian life and could better appre- 
ciate its diversity I made my first visit to India in 1914, on my 
return from the British Association meeting in Australia, via Java, 
Singapore and Ceylon I had thus gained an insight into tropical 
agriculture — sugar cane, rice, palm, coffee, indigo, tea, rubber 
etc Travelling up Ceylon, after visiting the marvellous rums at 
Anaradnapura, I took train to Madras and thence to Calcutta, 
from there, I visited Pusa, as well as Darjeeling and the nearby 
Cinchona plantations and Quinine factory My ambition had 
ever been to see the Himalaya — at last it was satisfied ' My 
pilgrimage was made For sheer, ineffable beauty, nothing I have 
seen m the world can compare with the distant mountain view from 
Darjeeling of majestic Kanchenjunga, attended on either side by 
a long range of snowy giants of only slightly lower magnitude,- 
embanking the entire horizion — “the greatest and grandest moun- 
tain range in the world” A couple of days later, a little lower 
down, when visiting the Cinchona factory, I had an entrancing view 
of the mountain, shortly after sunrise, actually from my bed, look- 
ing out of the window. Ever since, I have thought of India m 
terms of Kanchenjunga With such beauty m the background, 
there cannot for ever be strife in its shadow, though much suffering 
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may be inevitable The future office of our science must be to 
minimise such suffering and to make the beauty of the mountains 
and of nature generally felt to the full It is to this end, I believe, 
that chemistry will need be cultivated m India No other science 
can so minister to the public weal. 

It was my privilege to give several lectures to Prof. Ray’s 
students m Calcutta I dwelt, as I always must, on the need of 
studying method — on the need of learning to use \nowledge lathei 
than to \novo. The way of the world is rather to misuse know- 
ledge, if not to wallow in ignorance As yet we have little concep- 
tion of the art that is to be — the art of using knowledge methodi- 
cally,, with logical purpose, to a calculated end , the art of com- 
parative study We are too much carried away by sentiment, by 
our feelings and desires — we rarely act with thought or recognise 
how great is our ignorance and how little right we often have to 
act upon what we are pleased to call our opinions This is our 
great difficulty to-day, the difficulty with which all government is 
beset The conditions under which we live — our social systems — 
are very complex to unravel the complexities is more than 
difficult , few are competent to do so ‘ In a broad sense’ , the great 
Ruskin remarks, ‘nobody has a right to have opinions but only 
knowledges’ Still m the words of a common proverb — “it is 
human to err ’’ We can only overcome this inborn tendency by 
making a right use of knoweldge — by the practice of scientific 
method Modern progress, particularly in engineering, is the out- 
come of our systematic use of the method We have yet to apply 
it to ourselves The schools have not yet learnt to use it. When 
they do, they will meet with only limited success — just as they do 
m teaching subjects generally The majority probably will never 
become scientific m outlook, but just hewers of wood and drawers 
of water, mere artificers. These have to be taught far more simply 
than the few who have the ability to master method the few who 
can be artists I have written so much on this subject specially 
in my Essays on the Teaching of Scientific Method (Macmillan) 
that I need now say no more 

What is called Research has been grossly overdone in recent 
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years The vain attempt has been made to superadd a course m 
research to the ordinary all but entirely didactic course the degree 
by research has been made the fashion at our Universities It has 
long since worn out its welcome What is needed is to teach the 
spirit that is behind all true research work — the spirit of logical 
inquiry, whethei by observation or experiment, throughout the 
entire course of school training When children are allowed and 
trained at school from the beginning to see and think for them- 
selves, some progress will be made , some uplift of the general 
intelligence will follow I gather from Ray’s own writings that 
the need for such training in India is specially marked, but he 
foresees the difficulty of imparting it 

A bad example has been set fiom our side — the themes given 
out for study have too often been trivial and of no future value A 
far bettei training is to be obtained by careful study and repetition 
of classic work of the old masters than by executing set exercises, 
which merely involve mastering another example m proof of an 
established rule The student’s aim should be proficiency, not 
publication of something which counts for nothing when published. 

My own feeling has always been that it would be to 
the advantage of an Indian School of Chemistry to work out its own 
salvation rather than resort to European training This is already 
being done m advanced Physics — with remarkable success The 
exercise of individual effort is far more likely to lead to advance and 
the development of originality than is submission to a teacher, 
however eminent In chemistry specially practice alone maketh 
perfect What chemists are most suffering from to-day is lack of 
serious purpose — lack of broad and fundamental knowledge 
through failure to study the ancient books of learning Liebig’s 
warning to Kekule, “that to be a chemist a man must rum his 
health by study’’, true when he gave it, is more than true to-day 
To be a chemist of worth a man must be everything else m some 
degree — botanist, geologist, physiologist, physicist and socialist 
As to subject mattei, there will always be work to be done 
m connexion with industry. The great work of the future, 
however, specially m India, will be the development of agriculture 
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with the definite object m view of providing food of approved 
value, far higher m quality than that now produced Only in 
recent years have we been able to set this before us as our object 
We have failed thus far, even in England, to place Agriculture 
upon a pedestal of the highest scientific endeavour W e have had 
no efficient College to this end 1 can imagine no higher service 
to India than the establishment of such an institution Only a 
potential Liebig will be able to bring it into being and supervise its 
operations Twenty years hence, perhaps, such a leader may be 
forthcoming, if meanwhile a few men who feel that they have 
some call to such service, some biological feeling, will set them- 
selves in training, disregarding academic traditions and forswearing 
all desire to advertise that they have knocked another spot off 
another atom or in some other way, of remote concern to the world, 
made themselves exceptional 

Competent chemists, they will carry on their studies, both in 
field and laboratory, m every possible and desirable direction, so 
as to secure a commanding knowledge of the problems of animal 
and plant life and of the soil Only men so qualified, with ripened 
powers of imagination, will be competent to act as saviours of the 
people in the not distant future The example Sir Prafulla 
Chandra Ray has set may well serve to encourage such an order 
into being They will be the scientific missionaries of the future, 
sworn to social service alone 

When and if it be established, I suggest that the College be 
called Kamet College — m view of the many attempts made before 
the mountain was climbed and the arduous task undertaken at its 
final conquest The Himalaya stand out — asking that real effort 
be made m the plains as well as upon their slopes They will 
furnish the power, in due course, when it can be well used. 


t 



Light in the Prevention and Treatment of Disease 

B\ N E Dhar (Allahabad) 

.In recent years our conception on the occurrence of disease 
has undergone a profound change. Thanks to the memorable 
researches of Pasteur, Koch, Lister and others, the germ theory of 
disease was well established m the end of the nineteenth century 
and every disease was attributed to some bacteria Later on came 
the researches which established the fact that some diseases are 
caused by parasites or protozoa In other words, till the end of 
the last century, it was generally believed that most diseases are 
caused either by some bacteria or parasite The bacterial 
or parastic theory of disease was so much trusted that Metchnikoff 
spent the last few years of his life m search of the bacteria causing 
diabetes and he expressed the view, that there are many common 
features m diabetes and syphilis and that diabetes must be of 
bacterial origin 

The strong position of the bacterial theory of disease has 
been modified by the researches on vitamins From experiments 
on birds and animals when fed with chemically pure fats, 
carbohydrates, proteins, and salts, it has been established by 
Hopkins, Funk, McCollum, Mendel and others that healthy life 
is impossible under these conditions and m order to maintain health 
some naturally occurring food materials must be added to 
the chemically pure fats, proteins, carbohydrates and salts The 
great Dutch medical man Eijkman showed from his experiments 
on prisoners, when fed with polished rice, that ben-ben is caused 
in man from lack of some portion of naturally occurring food 
materials , m this case, it is the polishing of the rice which when 
added to the polished rice removes the disease — beri-ben. This 
was the first instance of a disease, which was definitely attributed 
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to lack of the right kind of food-stuff Other researches followed, 
and now we have a group of diseases known as ‘Deficiency diseases 
caused by the absence of vitamins or very small amounts 
of substances associated with naturally occurring food materials 
Beri-ben, rickets, osteomalacia, pellagra, and sprue belong to this 
class of deficiency disease and can be prevented or cured by the 
addition of the proper vitamins, which occur m food materials 

It was believed from a long time that rickets, which is now r 
known as a deficiency disease and the occurrence of which leads 
to defective bone formation in children, can be treated with light 
In this connection it is interesting to note that rickets is not common 
in poor tropical countries like China and India, although the food 
supply is inadequate from the vitamin and other points of 
view 

Dhar has emphasised, that, besides rickets other deficiency 
diseases like ben-beri, sprue, night blindness, pellagra, osteo- 
malacia, etc , can be successfully treated with sunlight More- 
over metabolism diseases like diabetes, gout, pernicious anaemia 
and even cancer are amenable to light treatment 

So far we have been discussing the beneficial influence of 
light on deficiency and metabolism diseases Now let us consider 
what the position is, regarding the influence of light on bacterial 
diseases _ Finsen may be looked upon as a father of modern light 
therapy, in the treatment of bacterial diseases He began 
his . pioneering work m 1 893 and achieved great success 
m the treatment of Lupus, a tubercular skm disease difficult to 
cure Over 1 1 00 out of 1 200 cases greatly improved on light 
treatment. 

The next important step m light therapy was taken in 1903 
when Dr Rollier established a sanatorium at Lysm in Switzerland 
for the treatment of tuberculosis by sunshine Dr Rollier’ s name 
is known throughout the world as the saviour of lives of thousands 
of .people,, .who had been declared incurable due to tuberculosis of 
bones „ Hence Dr. Rollier has been rightly named the ‘high priest 
of. the modern sun worshippers’ by -another great worker m-the 
domain of actmotherapy, namely Dr Gauvm After visiting 
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Lysm; C. W. Saleeby wrote, ‘Nowhere on earth have I seen or 
heard all of anything so beautiful, so significant, so hopeful as the 
application of heliotherapy under the charge of Dr Rollier ’ 

Di Gauvm writes, ‘It is ingrained m healthy mortals to love 
light. -Even those of sedentary habits and are unfitted for 
an outdoor existence prefer well-lighted and cheerful sunoundmgs 
to darkness and gloom A child, before the age of reason, instinc- 
tively seeks the light and abhors darkness Light and laughter 
synchronize — darkness and depression do likewise ’ The animals 
have the same instinctive love for light. It is a matter of common 
knowledge that unless the sun is very hot, animals take rest rather 
in the sunshine than in the shade ‘Mirth is banished when 
darkness envelops us, our senses become deadened and dulled 
and sleep supervenes.’ 

The preventive and curative value of sunlight was known 
from time immemorial Even Dr Rollier himself says, ‘The 
practice of sun-cure is as old as the earth ’ In ancient India, sun- 
light was valued, and generally school classes were held in the open 
air under the shade of trees Infants are still exposed to light 
after besmearing them with oil Sunlight has many other uses 
m the treatment of disease and sun is adored as a god in India 
Greece, Babylon, Egypt and other countries made use of the healing 
power of the sun The sun has been worshipped as the source 
of both life and light in very early times Light has been looked 
upon as the giver of health and happiness , as the power that defeats 
the dreaded darkness, closely associated with death and destruc- 
tion 

It appears that the Aryans worshipped the Sun — the great 
Lord of all, and they gave the name Dyaus, from which the Latin 
‘deus’ and the English ‘deity’ seem to be derived. The Persians 
were sun- worshippers, and the name of the Sun god m Persia is 
‘Mithra’, m Egypt ‘Ra’, in Greece ‘Helios’ and in Rome ‘Sol’ 
The famous temple at Heliopolis was the centre for sun-worship 
Hippocrates (460-370 B C ), the father of Medicine, Cornelius 
Celsus and "Galen (130-200 AD) practised heliotherapy by 
covering the head and exposing the rest of the body to the sun,' 
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Cicero has described the Solaria which the wealthy Roman 
citizens built at their country villas. 

In Peru, the Incas have been considered as gods, being the 
children of the sun Syphilis has been treated by them by light. 
In England the Druids deified the sun and Stone-henge was the 
centre of sun worship and sabbath is still Sunday. Unfortunately 
with the advent of Christianity all pagan practice and worship were 
discredited, and light treatment fell into disuse and there was no 
appreciable revival till the end of the last century In Bolivia, the 
Chmguanos Indians pray to the sun with the following words, 
’Thou art born and disappearest every day, only to revive always 
young Cause that it may be so with me.’ Even at the present 
time, the Parsis worship fire, and Hindus regard light divine 
Hence in two great religions light worship still plays an important 
part 

In England the importance of sunlight was overlooked at the 
beginning of industrial revolution with the first large use of coal 
for producing power. New towns sprang up and factories were 
quickly built and large amounts of coal were wastefully burnt, 
with the generation of considerable amount of smoke, which cuts 
off light It is interesting to note that windows were taxed 
in England as late as 1851 when the taxes on windows 
were repealed, and even now walled up windows could be seen 
in industrial centres m England In this connection, the following 
suggestive lines of Sir Oliver Lodge will be of interest, ‘When the 
most efficient parts of light are excluded, the organisms, which 
flourish are of the lowest kind , and the higher organisms are apt 
to succumb to the ravages when unaided by the beneficial influence 
of sunlight 

After Fmsen, interest m light therapy was aroused again, m 
1902, when two outstanding men of medicine — Bernhard (1902) 
and Rollier (1903) m Switzerland were drawn to the study and 
practical employment of heliotherapy. 

Light therapy is the proved method of choice in some diseases 
and a most useful adjuvant m many others For prophy- 
lactic purposes it has wide scope, that is receiving intensive study 
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by the medical profession Apart from those diseases in which 
actmotherapy is specific without other treatment, it has an extra- 
ordinary tome effect, both mental and physical. So that it 
stimulates the patient’s whole power over the minor foci of disease 
It has been very well demonstrated that actmotherapy has exceed- 
ingly valuable uses in the treatment of rickets, metabolism 
disorders, nervous conditions, diseases of the respiratory tract and 
it is now an established routine procedure in welfare clinics 
throughout the land m ante- and post natal cases, and for back- 
ward infants In hospitals, actmotherapy is of material assistance 
m strengthening patients before operations and in shortening con- 
valescence. 

In more specialised fields actmotherapy gives excellent results 
in many diseases of particular organs — the skm, eye, eai, nose, 
throat, and genito-unnary organs. Its value is proved m many 
forms of tuberculosis In dental surgery local applications 
of actinotherapy or luminous heat are beneficial m treating sepsis 
and inflammation. Actmotherapy has been practised with 
several kinds of actinic light sources, e g Hanovia quartz mercury 
vapour lamp made in various forms. It is a powerful source, and 
efficient and economical and easy to operate The Alpine sunlamp 
of the Hanovia Company is useful for ultraviolet light, 30% of 
the total energy output is m the ultraviolet The Jesionek lamp 
is found useful in light clinics where group treatment can 
be adopted The Kromayer lamp (water cooled) is designed for 
light treatment of small lesions and orificial conditions For treat- 
ing throat with actinic rays, Eidinow model lamp is suitable 

Ultraviolet light is used in general medicine, pediatrics, 
dermatology, dental surgery, gynaecology, ophthalmology, otto- 
laryngology, surgery and tuberculosis 

H R H the Prince of Wales in his presidential address to 
the 1 926 meeting of the British Association at Oxford summarised 
aptly the value of light in the treatment of disease and maintenance 
of good health in the following words — ‘Closely linked with the 
discovery of vitamins has been the more recent development of 
knowledge concerning the need of sunlight for health, in man 



22 


N R Dhar 


and his fellow animals as m plants We know now that crippling 
deformity appears in the growing child unless he receives 
his proper share of the vitalising rays of the sun, either directly or 
through the presence m natural foods of vitamins which these rays 
have produced. Sunlight or its artificial equivalent has some 
importance already in the treatment of disease; but a realisation 
of its significance for health has a much greater importance 
in preventive hygiene There can surely be no plainer duty for 
a state charged with the health of an industrial civilisation than 
to promote with all its resources the search for such knowledge as 
this, as well as to provide for its application when obtained ’ 

The value of light m surgical practice, particularly in the 
operating threatre is being realised and the results of the pioneer- 
ing work at the famous Necker Hospital of Pans is known all over 
the world 

When medicinal treatment alone has been disappointing in 
such diseases as Lupus, Alopecia-areatea, hayfever, rickets, 
spasmophilia, tetany, Parkinsonism following Encephalitis 
lelthargica, and in other diseases, light treatment is found to be 
efficacious 

Physicians have for ages empirically advocated convalescence 
in a sunny place, simply because it was observed that recuperation 
is rapid in sunshine Dr Rollier says, ‘Owing to the paucity of 
our knowledge concerning the action of light on the human body, 
the development of the technique of heliotherapy was of necessity 
chiefly empirical 

Dr Rollier states that thousands of observation have proved 
that, m the case of children, the organism most deteriorated by 
tuberculosis can be radically transformed by sunbath if carefully 
administered and combined with airbath He reports, “In case 
of infantile surgical tuberculosis one sees regularly a com- 
plete uplift of the general condition parallel with the progressive 
healing of the infected centres, whether osteous, articular, 
glandular, peritoneal, or cutaneous Solar action on these centres 
is by no means superficial I have nearly forty thousand radio- 
graphic negatives showing conclusively that there is no tubercular 
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lesion, however deep, which escapes the influence of solar rays 
In numerous cases of infantile osteoarthritis showing advanced 
destruction, the power of radiation for the reconstruction and 
osseous recalcification may go so far as restitution and integrum 
The reconstitution of the skeleton is not confined to tuberculosis , 
it is frequent in all cases of rickets Hess of New York and his 
collaborators, Pappenheimer and Unger have shown conclusively 
the increase of calcium and phosphorus m the blood under the 
influence of solar light 

According to Dr Rollier, the pigmentation acquired by the 
leguments under the action of the sun, confers on them a pro- 
gressive resistance to cold and heat The pigments favour the 
healing of wounds by resisting the penetration of germs and make 
the skm relatively immune Children with bronze skm generally 
have microbic skm diseases such as furuncles, acue, etc The pig- 
mentation is supposed to play a still more important role Experi- 
ence shows that the resistance of patients is nearly always m pro- 
portion to the degree of his pigmentation, which not only acts m 
protecting the skm against the two violent irritation of the ultra- 
violet rays but m regulating the heating action of the sun. It 
seems probable that pigments receive, furnish and activate the 
elements necessary for the metabolism of the hormones. Bloch 
has shown m the skm, Pmcussen and Rothman m the blood and 
Biekel and Ischido m the marrow of the bones that pigmentation 
leads to an increase m the deep biological process of a fermentative 
and hormonal nature 

Light treatment also exerts a marked influence on the mus- 
cular system. By dilating the capillaries, the radiations draw the 
blood from the depths to the surface through the muscular layers 
and thus act as a system of massage Dr Rollier asserts that little 
ricketty bodies, after some months of sun-cure, become possessed 
of firm muscles, full and harmonious forms, and sometimes lines 
as pure as those of the young athletes of ancient Greece. 

Light treatment, especially at high altitudes, leads to 
an increased activity of the lungs and increased heart action and 
general circulation The number of corpuscles and the haemo- 
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globm content improve and the nutritive process m the body are 
activated by light The abdominal organs are stimulated by sun- 
bath and appetite is increased and the digestive functions are 
improved According to Dr Rollier, sun treatment exerts a 
favourable action on the endocrine systems and internal secre- 
tions 

Observations of Sonne, Dorno, Levy and others show that by 
the absorption of radiations from the sun, the temperature of the 
tissues rises and at a depth of two to three cms , it may be three 
to five degrees (C) higher than the skm temperature. 

Dr Rollier has utilised sunlight m dressing wounds of 
tranmatisms of all kinds, m compound fractures, and m osteomye- 
litis, because the sunlight kills the infectious germs, encourages 
cellular activity and repairs the tissues Light is supposed to be 
better than any other antiseptic and fulfils the conditions of an 
ideal dressing According to Dr Rollier m osteomyelitis, sun- 
light dressing has helped to fill up the large osseous cavities better 
and more rapidly than the usual methods 

Heliotherapy has been strongly recommended not only in the 
treatment of lupus, but in numerous other skm diseases, e g , 
eczema, impetigo, acue, etc Dr Rollier has obtained favourable 
results with sunlight in infantile paralysis, Little’s disease, 
anaemia of all kinds and general debility Dr Joubert states 
‘the sun cure balcony will become in the surgical services 
of to-morrow as capital a necessity as the laboratory or the radio- 
logical service 

In this connection the following considered opinion of Dr 
Rollier is of great interest, “Twenty one years’ experience with 
more than ten thousand cases of surgical tuberculosis, under strict 
radiographic control, permits us to state that heliotherapy or metho- 
dical sun-cure, is the most efficacious means of treating the multiple 
manifestations of tuberculosis The sun-cure m conjunction with 
the air-cure and practised preferably at an altitude is certainly the 
treatment par excellence for tuberculosis, because it places 
the organism in ideal conditions for self-defence It stimulates 
the nutrition of all the tissues, increases the proportion of 
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red corpuscles m the blood, promotes metabolic changes and 
assists the functioning of all the organs 

“Without entering into the detail of the different tuberculous 
localisations curable by sun treatment (tuberculosis of the vertebral 
column or Pott’s disease, tuberculosis of the hip or coxalgia, of 
the knee, foot, arm, glands or adenitis, of the peritoneum 
or peritonitis, of the skin or lupus, etc ), let us say that heliotherapy 
is the highest expression of orthopaedic and conservative surgery 
By the practice' of heliotherapy it is possible to avoid, m the great 
majority of cases, operations which often result m irreparable 
mutilation 

Discussing the efficacy of sunlight m the treatment of 
pulmonary tuberculosis Dr Rollier states ‘Dui mg the war, Swiss 
soldiers with pulmonary cases were entrusted to our care. We 
may state that, for this class of case, the sun is a precious auxiliary 
of the air cure as practised at an altitude Heliotherapy can be 
started only when the patient has lost fever Sunbaths have to 
be given with the greatest prudence, specially at the beginning 
The exposure begins with the feet It is only after several weeks’ 
progressive practice that the insolation of the chest and back is 
permissible, and then only for a few minutes m the beginning In 
summer, the cure should be taken in the morning, when the air 
is still fresh Under the combined influence of air and sun, and 
thanks to the beneficial local and general action of the latter, the 
pulmonary lesions gradually become healed, expectoration 
diminishes and then ceases It is an error to believe that patients 
suffering from blood spitting can derive no benefit from sunbath 
We have proved the contrary m many cases. Among patients 
rationally managed, heliotherapy cannot cause accidents from con- 
gestion.’ 

Speaking of preventible diseases, King Edward VII used to 
say ‘If preventible, why was it not prevented ’ If light can cure 
diseases, it should be able to prevent diseases It is now known 
that a judicious application of sunlight is one of the most prophy- 
lactic , agents As the tuberculosis germ is contracted during 
infancy, it is desirable that efforts should be made to prevent its 
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development To do this, we should increase the child’s own 
power of resistance Dr Rollier is of opinion that the best way 
of increasing the resistance of a child is to bring him m contact 
with pure air and sunshine With this object in view Dr Rollier 
started m 1910 a ’preventorium’ at Cergnat, m the Ormonts valley 
for carrying out preventive sunlight treatment primarily intended 
for children suffering from tracheo-bronchial adenopathy After 
a few weeks, sickly children having narrow hollow chests, weak 
limbs and atrophied muscles are wonderfully changed The skin 
is bronzed, the anaemic pallor is replaced by a rosy complexion 
and the general health is improved The percentage of haemo- 
globin in blood increases, the muscles become firm, breathing is 
deeper and X-ray examination reveals progiessive healing of the 
tracheo-bronchial ganglions. 

In the Eighth Annual Report oj the Scottish Board oj Health, 
it is stated that the clinical results of the ultraviolet irradiation 
have been quite numerous and important The results achieved 
so far seem to justify the conclusion, that light treatment is taking 
a very important place in medical science 

E. H. and W K Russel in the’r “Ultraviolet radiation and 
actmotherapy’ (1928) state, “The greatest field of usefulness for 
ultraviolet radiation lies m the prevention rather than m the cure 
of disease It is, however, almost a specific remedy in such dis- 
similar conditions as rickets, surgical tuberculosis, Alopecia areata, 
spasmophilia and hayfever , and in a very large number of diseases 
it is a useful adjuvant, supplementing other necessary remedial 
measures.’’ 

These authors have treated not only different types of tuber- 
culosis by light but they have also reported that beneficial results 
can be obtained with actmotherapy m the case of the following 
aliments . — Debility, diabetes melhtus, acidosis, gout, obesity, 
acute muscular rheumatism, lumbago, muscular torticollis, fibro- 
sitis, chronic rheumatism, rheumatoid aithritis, injuries to 
muscles, joints and ligaments, rickets, bone lesions, osteo- 
myelitis, osteitis, deformans (Paget’s disease), tetany, amen- 
ojrrhoea , anaemia (secondary and pernicious), chlorosis, 
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leukaemia purpura, haemophilia, affections of the endocrine 
glands, hypothyroidism, increased blood pressure, diseases of the 
heart, angina pectoris, Raynaud’s disease, diseases of the central 
nervous system, mental diseases, neurasthenia, chorea, epilepsy, 
paralysis agitans, eucephahtis lethargica, locomotor ataxia, anterior 
poliomyelitis, neuritis, neuralgia, sciatica, facial palsy, spasmodic 
torticollis, asthma, bronchitis, pulmonary conditions due to the 
action of po.sonous gases, empyema, emphysema, laryngismus 
stridulus, different types of pneumonia, pleurisy, pleurodynia, 
whooping cough, dyspepsia, gastric ulcer, constipation, diarrhoea, 
functional disorders of the gastro-mtestmal tract, abdominal 
adhesions, cirrhosis of liver, chohcystitis, jaundice, traemorr holds, 
fistula, marasmus, pyloric spasms, tetanus, latent malaria, 
nephritis, cystitis, orchitis, epidymitis, piostatitis, urethritis, 
gonorrhoea, dysmenorrhoea, sterility, treatment of the menopause, 
menorrhagia, metrorrhagia, post partum haemorrhage, vulvitis, 
vaginitis, leucorrhoea, pelvic peritonitis, pyelitis, infantilism, 
impotence, skin diseases accompanied by anomahes of sensation, 
inflammatory lesions of the skm, inflammations of the surface 
epidermis, inflammation of the deep epidermis, local infective 
mflammaton of the chorium, syphilis, newgrowths, ulcers, rodent 
ulcers, wounds, skin grafts, eczema and other skm troubles, 
diseases of the eyelids, diseases of the conjunctiva, diseases of the 
throat, diseases of the cornea, diphtheria, diseases of the nose, 
ear, teeth and penodental membrane, etc 

Ultraviolet radiation is being used m the new monkey house 
and reptile house at the London Zoological gardens. 

E H and W. K Russel write, ‘Captain Braithwaite of the 
West African Medical Service informs us that eczema, impetigo, 
furunclosis, lupus and psoriasis are unknown among the N gerian 
Negroes, and that extensive wounds heal rapidly without sepsis , 
and as has already been noted Dr Leuba of the Swiss army found 
that pigmented skins would not respond to vaccination until the 
skm had been actually cut through instead of being merely scarified 
as usual 

Actinotherapy is now m use in many hospitals for the treat- 
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ment of mental disorders and light treatment is invaluable during 
pregnancy, when the increasing demand of the growing 
foetus disturbs the calcium metabolism of the mother. 

How to Expose ? 

Always begin sunbath with the lower limbs, which are less 
sensitive. This course is also a means of testing the endurance of 
the patient which is a special necessity with invalids One has 
to proceed by graduated stages, increasing the exposure a 
few minutes every day, first the feet, then the legs, the abdomen 
and the chest The head should always remain covered with a 
white cotton sunhat The rate of progression should be slowed 
down as the trunk is reached. After a lapse of a certain time 
which varies with the patient, the time of the year and the power 
of the sun, the body is pigmented and can remain safely m the 
sun several hours every day In the lower altitudes the midday 
sun should be avoided 

Generally the air and sunbath should always cause a feeling 
of comfort The sick people should feel braced and strengthened 
during and after the exposures to the sun, which should not be 
unduly prolonged The person should have a sense of well being 
on exposure and after 

The sunbath so efficacious for sick people and those disposed 
to be ill cannot but be beneficial to those who are healthy and are 
keen on preserving health 

If general irradiation is intended it is advisable to begin by 
fractional exposures. A fresh part is exposed at each sitting 
and the previously treated portions are exposed for longer 
periods. 

The beneficial effect produced by ultraviolet radiation can be 
greatly increased when certain drugs, dyes or vaccines are taken 
internally. The following preparations have been found to 
be effective in this direction — thyroid, parathyroid, ovarian, 
testicular and liver extracts, vaccines, e g , tubercuhnes, codhver 
oils (m rickets), chlorophyll, colloidal calcium, resorcin, quinine, 
iodine, arsenic m tuberculosis, gold preparations in lupus, lupus 
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erythematosus, laryngeal and pulmonary tuberculosis, calcium 
chloride (intravenous m abdominal tuberculosis), calcium lactate 
with thyroid extract m asthma and hay fever, stercoporphyrm, 
uroporphyrin, erythrosm, genetian violet and eosin (the last five 
substances are assumed to act as sensitisers) 

The following heavy metal salts circulating in the blood m 
very small amounts augment the effect of ultraviolet light • — Iron 
(m anaemia), mercury (in syphilis), bismuth, copper (m surgical 
tuberculosis), argochrome (silver and methylene blue for intraven- 
ous injections m influenza and pneumonia) and gold (in laryngeal 
tuberculosis and septic processes) 

Reactions m local treatment are increased by the external 
applications of the following substances — Copper ointment (m 
lupus), silver nitrate, hydrogen peroxide, calcium sulphide, 
sodium chloride, eosin, brilliant green, crystal violet, genetian 
violet, fluorescein, cyanosin, methylene blue and acridine. 

Sun as a Source of Light 

Light therapy has been more successful in the high Alps than 
elsewhere, not only because of the large amount of radiation 
available, but also because the snow absorbs heat rays and reflects 
ultraviolet rays 

Recent measurements of Coblentz show a marked increase 
m the ultraviolet rays with altitude The amount of radiations 
of wave lengths 1700 to 4500 A at Washington (35 ft above sea 
level) corresponds to 0 13 grm calorie, whilst it is 0 2 grm calorie 
at Flagstaff Ariz at an altitude of 7,000 ft The solar radiation 
intensity falling on a surface normal to the incident rays at Wash- 
ington at noon on a clear day amounts to about 1 grm calorie/ cm 2 
per minute and rarely rises to 1 2 grm calorie as compared with 
il 6 grm calorie at Flagstaff 

On a clear day, the amount of total radiation at 6000 ft 
is roughly one and half times that reaching the earth at sea level 
Owing to absorption by the earth’s atmosphere at sea level, no 
radiations of wavelengths shorter than about 2,900 A reach "the 
earth, similarly owing to the opacity of the earth’s atmosphere, very 
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little infra-red radiations of wavelengths longer than 30,000 A are 
received from the sun 

It is not always necessary to expose a patient to direct sun- 
light, as there is a sufficient amount of indirect ultraviolet radiation 
in the diffused light of the blue sky 

Artificial light has also been used m light therapy. Some 
times the gas-filled-tungsten lamp has been used m light therapy 
as a light source The ultraviolet radiation emitted from the gas- 
filled tungsten lamp is extremely small The visible radiation from 
this lamp is only 3 to 4 per cent of the total radiation emitted The 
bulb made of clear glass absorbs practically all radiations 
of wavelengths longer than 30,000 A Coblentz states, ‘That the 
spectral component of the radiations extending from 6,000 A m 
the red to 14,000 A m the infra red amounting to 30 % of the 
total radiation emitted, can penetrate deeply into the skm 
and hence can be effective therapeutically.’ 

The quartz-mercury-vapour lamp is convenient m studying 
the influence of ultraviolet rays on the body m general treatment 
The majority of workers m actmotherapy seem to believe that ultra- 
volet light plays the chief role m heliotherapy, although Dr 
Rollier never emphasises the importance of ultraviolet rays 
However, the application of mercury vapour lamps is daily 
increasing m light therapy Recent years have witnessed great 
expansion m light therapy and at present the provision of lamps 
and accessories has become quite an industry Two types 
of lamps are in use for the treatment of diseases , the air-cooled 
“sun-lamp” for general application or for the treatment of large 
areas and the water-cooled lamps for local applications The air- 
cooled lamps seem to be adapted to yield a radiation containing 
larger proportion of rays of wavelength exceeding 3,000 A, whilst 
the water-cooled lamp is designed to give out an intense radiation, 
much of the energy of which is in the form of rays of wavelength 
less than 3,000 A 

The radiation from the quartz mercury arc lamp is distributed 
in a few intense emission lines. About 6% of the total radiation 
emitted is of wavelengths shorter than 2,900 A, which are practi- 
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cally absent m the solar rays received by the earth. These short 
rays have high germicidal action According to Coblentz, apart 
from strong lines m the region 10,000 to 12,000 A, the mercury 
lamp emits very little infra-red light The large amount of infra 
_ red radiations from the Cooper-Hewitt mercury lamp emanates 
from the incandescent tungsten anode and specially from the 
quartz enclosure 

The carbon arcs are valuable m the treatment of deep-seated 
tuberculosis, asthma and rheumatism and for prophylaxis Adults 
can be best treated with these lamps The mercury vapour lamps 
are very useful m the treatment of rickets, spasmophilia and 
tetany Children can be conveniently treated with these lamps 

To secure more effective action of the radiations optical sensi- 
tisers are applied on the surface to be irradiated. These sensi- 
tisers may be dilute solutions of eosm or some other dye or calcium 
chloride solution 

Regarding the comparative influence of light on different 
individuals, Pacini (Outlines of ultraviolet-therapy, Chicago, 1923) 
writes, ‘Speaking generally light people respond more promptly 
than dark, females than males, the younger sooner than the old, 
and the regions usually protected from the light and persons of 
higher nervous sensibility 

Ellis and Wells [Chemical Action of ultraviolet Rays, p. 297, 
(1925)] state, ‘To ascertain the effect upon the skin, eyes 
and general condition, Bach resorted to a heroic test He applied 
the ultraviolet light with great intensity upon his own person with- 
out protecting his eyes An exposure of 30 minutes was given at 
a distance of 16-20 inches from a 3,000 candle power lamp. The 
head and body were treated alternately After 3 minutes, there 
was a sensation of warmth and after 10 minutes, a burning sensa- 
tion at the place of exposure. An intense reddening appeared 
m two or three hours after the treatment This discolouration 
disappeared m 3 days There was no blistering but the epidermis 
became hard and dry, and peeled within a week, being replaced 
by a new epidermis, which was elastic and brown. The conjunc- 
tive commenced to redden in about two hours after treatment, bemg 
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inflamed and painful but the inflammation disappeared m about 3 
days without treatment , immediately after treatment and for days 
thereafter, there was a feeling of freshness and increased energy 
The effect perhaps may be expressed as a case of over stimulation 
of a person in good health 

According to Sir Leonard Hill [Proc Roy Soc B 102, 119, 
(1927)] sunlight focussed on the skm through a solution of 3% 
quinine sulphate, which absorbs rays of the mercury vapour lamp 
shorter than 4,200 A, does not produce erythema (sunburn), if 
the skin is kept cool by running water The rays effective m pro- 
ducing erythema seem to lie m the ultraviolet From rough 
experiments, Hill concluded that erythema producing rays of the 
sun lie mainly between 3,300~3,000A There also appears to be 
a correspondence between the acetone methylene blue fading and 
erythema producing power of the sun’s rays The experiments 
of Hanssen and Vahle [Strahlen therap’e Vol 13, p 59, (1922)] 
seem to be. more precise Using the mercury vapour lamp radia- 
tions of equal intensities as measured by a thermopile, they have 
found the maximum erythema production to be at 2967 A At 
3,131 A the erythema production was only 4 5 % of that at 2 ,967 A 
while the erythema producing of rays of wavelength 3,131 A is 
relatively weak, the intensity of sunlight in this region is sufficient 
to be effective. The rays of the sun which exert an antirachitic 
effect and which can synthesise vitamin D from ergesterol 
lie between 3,200-2,700 A 

The short rays are absorbed by the thinnest layer of 
the epidermis and hence cannot penetrate deep into the body 
According to Coblentz the longer rays, 4,000 to 14,000 A, have 
a -greater penetration On the other hand, rays of still greater 
wavelength cannot penetrate deeply m the blood stream The 
following quantitative measurements by Glitscher and Hassel- 
bach (Brit. J Actmotherapy I September 1926) are of importance 
in explaining the part played by light m the treatment of disease . — 
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Transmission by epidermis 

Percentage transmission by 

Wavelength in A 0 1 mm thickness 1 mm thickness 
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What is 

the fundamental action of light 

in hehothei apy 1 — In 

recent communication Coblentz states — ‘ 

'The action of these 


light rays on the blood stream is probably very complex. Part 
of the action is probably photochemical But the supposition that 
the action of the light on one part of the body produces a fluores- 
cence in the blood stream, which is earned to or produces 
a fluorescence deep within an illuminated part of the body seems 
untenable, because fluorescence is a phenomenon that occurs only 
at the point where and only so long as the object is irradiated; 
and it ceases the moment the light stimulus is shut off Hence 
if a fluorescent substance which is introduced into the blood stream 
has a therapeutic effect, it is more likely owing to some photo- 
chemical change in the material rather than owing to the fluores- 
cent property of the material Some other non-fluorescent 
material might produce the same effect, either by undergoing a 
photochemical change m combination with the material in the blood 
stream or by some catalytic action on the white blood corpuscles. 

“It seems quite possible for ultraviolet rays to produce 
fluorescence m the blood stream, say, in the white blood corpuscles, 
at the point where the ray impinge on the body But this 
fluorescence would cease immediately after the corpuscles passed 
from under the spot irradiated Hence, it is more likely that the 
ultraviolet rays stimulate the white corpuscles to greater activity, 
which continues as they travel deeper into the body 

“While these short ultraviolet rays are destructive to proto- 
plasm, it has been observed that when the destructive action has 
not been carried too far, there is a stimulation of the cell. The 

5 
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nature of this stimulation is a problem of physiology rather than 
of physics It is physically impossible to introduce light deeply 
into the unilluminated blood stream by fluorescence and that an 
explanation of the observed therapeutic action of the ultraviolet rays 
is to be sought on some other basis 

“In concluding this discussion, it is relevant to call attention to 
the fact that differences m therapeutic action of sunlight and of the 
white flame carbon arc light, which closely resembles sunlight, 
may arise from differences in temperature conditions surrounding 
the body ” 

Oxidahon of carbohydrates, fats and nitrogenous sub- 
stances by air in sunlight — It has been shown by Dhar and 
Sanyal [J Phys Chem 29, 926, (1925)] that methyl alcohol, 
ethyl alcohol and glycerol are oxidized simply by passing air at the 
ordinary temperature in presence of sunlight 

Palit and Dhar [J Phys Chem 32, 1263, (1928), 34, 993, 
(1930)] have made a systematic investigation of the oxidation of 
various substances by air in sunlight at the ordinary temperature 
They have shown that different carbohydrates, glycogen, urea, 
glycine, hippunc acid, a -alanine, sodium urate, potassium 
palmitate, stearate, oleate, sodium formate, tartrate, oxalate, 
lecithin, cholesterol, butter, milk, egg white, egg yellow, etc , can 
be oxidized at the ordinary temperature by passing air through 
aqueous solutions or suspensions of the above substances in 
presence of sunlight Some experimental results are recorded 
below — 


Substance 

used m experiment 

Weight of 
substance taken 

Amount 

oxidized 

Percentage 

Amount 

oxidized 

Arabinose 

0 1000 grm 

0 0075 grm 

75 

Galactose 

0 0861 

0 0067 „ 

78 

Cane sugar 

0 0964 „ 

0 0098 „ 

10 2 

Glucose 

0 0962 „ 

0 0144 „ 

14 9 

Laevulose 

0 0918 „ 

0 0159 „ 

17 3 

Lactose 

0 0977 „ 

0 0197 „ 

19 7 

Maltose 

0 1097 „ 

0 0285 „ 

25 9 

Starch 

0 1027 „ 

0 0399 „ 

38 8 
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Substance 
used in experiment 

Weight of 
substance taken 

Amount 

oxidized 

Percentage 

Amount 

oxidized 

Glycogen 

0 0987 grm 

0 0195 grm 

19 7 

Glycerol 

0 2500 „ 

0 0450 „ 

180 

Urea 

0 2000 „ 

0 0175 „ 

87 

Glycine 

0 0999 „ 

0 0096 „ 

96 

< -alanine 

0 0997 „ 

0 0365 „ 

36 6 

Hippuric acid 

0 0483 „ 

0 0069 „ 

14 2 

Sodium urate 

0 0420 „ 

0 0082 „ 

19 6 

Potassium stearate 
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, , oleate 



31 5 

,, palmitate 



36 7 

, , oxalate 



29 8 

Sodium formate 

0 0737 „ 

0 01467 „ 

19 8 

, , tartrate 

0 0989 „ 

0 0679 „ 

31 3 


Moreover, it has been shown that m the presence of zinc oxide, 
ferric and uranium nitrates, which act as photo-sensitisers , 
the amount of oxidation of the foregoing substances is greatly 
accelerated All the above substances are completely oxidized to 
carbon dioxide and water, wthout the formation of intermediate 
products 

Palit and Dhar have also carried on comparative experiments 
on the oxidation of egg white, egg yellow, starch, butter, glucose, 
cane sugar, and glycogen m sunlight and the following are 
the results — 


Substance 

Percentage 

Egg yellow 

60 9 % 

Egg white 

31 25% 

Starch 

38 20% 

Butter 

31 80% 

Glucose 

13 60% 

Cane sugar 

7 80% 

Glycogen 

7 00% 


oxidized 


It appears, therefore, that egg yellow is the most easily 
oxidizable substance m presence of light Butter is more easily 
oxidized in light than the sugars, which appear to be the least 
oxidized These experiments are close imitations of the biological 
oxidations A similar order regarding ease of oxidation m the 
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animal body was observed by Carl von Voit, the great physiologist, 
from feeding experiments. These results on the oxidation of food 
materials by air in sunlight at the ordinary temperature are 
suggestive and the beneficial influence of light in the treatment of 
disease may be due to an increased metabolism in light. From 
these researches on the photo-oxidation of food materials by air in 
sunlight at the ordinary temperature, Dhar and Palit have con- 
cluded that the light absorbed by the animal body accelerates the 
metabolism of materials m the system The person has a sense 
of well being when exposed to light as the metabolism is increased 
and hence light acts as a preventive and disease is avoided in 
presence of light 

It has already been emphasised that sunlight is appreciably 
transmitted by the epidermis and by the absorption of light the 
body cells are activated and the oxidation of the carbohydrates, fats, 
and proteins inside the animal body is accelerated The increase 
in the metabolism of the food materials due to their increased 
oxidation by the oxygen respired aided by the radiations, which 
penetrate the body, is perhaps the most fundamental action of 
light which leads to the prevention and cure of disease when a 
person is exposed to light 

Dhar [Cherme, der Zelle. und Gewebel2, 217, 225, 317, 
(1925); 13, 209, (1926)] has emphasised that the deficiency 
diseases like beri-ben, pellagra, sprue, rickets, etc , begin with 
stomachic troubles Moreover, with pernicious anaemia, cancer, 
etc , the same symptoms are also observed. Diabetes is associat- 
ed with defective metabolism of glucose, which mainly passes out 
unchanged from the body of the person suffering from diabetes. 
Gout is supposed to be caused by defective metabolism of proteins 
The researches of Palit and Dhar have shown that carbohydrates, 
fats and proteins are readily oxidized by air in presence of sunlight 
The light absorbed by the animal body accelerates the oxidation 
of carbohydrates, fats and proteins and hence, diseases like beri- 
beri, pellagra, sprue, rickets, cancer, pernicious anaemia, diabetes, 
gout, osteomalacia, etc , which originate with defective metabolism 
'of food materials should be prevented or cured by light treatment. 
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Dhar lias emphasised the importance of sunlight m the treatment 
and prevention of metabolism diseases and it seems likely that 
rickets, osteomalacia, beri-beri, pellagra, sprue, diabetes, 
gout, pernicious anaemia, cancer would have been more prevalent 
in poor tropical countries like India and China where the food 
materials lack m vitamins and good quality proteins and are also 
defective from other viewpoints, had not the compensating agent 
sunlight been present. 

In this connection, the following observation of Dr. Bernhard 
of St. Montz, Switzerland will be of interest — “I have never seen 
carcinoma of the skin, of the face or hands m our roadmakers, 
xoadrepairers, postillions or post conductors on the Alpine passes, 
who are exposed to every inclemency of the weather, and in winter 
months, to the most intense solar radiation, with its reflection from 
snow and ice which m spring gives them the appearance of bronze 
figures I believe, on the contrary, that they are, if anything, 
more proof against carcinoma In Negroes carcinoma of the skin 
is extremely rare, and m general the frequency of carcinoma in all 
countries, however caused, is m inverse proportion to the intensity 
of light.” 

The secretions of the gemto-urinary glands are stimulated by 
light and cases of incontinence of urine improve on light treatment. 
The influence of light on the nervous system is marked and causes 
mental stimulation Light creates a feeling of vigour and exhilara- 
tion and cheerfulness and a sense of well-being Nervousness, 
insomnia and fatigue decrease. According to Dr. Wilcken, the 
people living m Disco island, Greenland, quanel m the winter 
because the long spell of darkness ‘gets on their nerves.’ More- 
over the staff of the meteorological Institutes m Buenos Aires and 
Laun island, South Orkneys (61° 5' latitude) report that they 
suffer from the depressing effects of long winters 

That there is an increased mental alertness of children on 
light treatment has been demonstrated by intelligence tests The 
children at the Treloar Cripples Hospital at Alton appear to be 
mentally a year in advance of Crippled London Children of the 
same age The following observations of Fmsen are' of interest 
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here — ‘When the sun suddenly comes out, it is as if nature had 
been brought to life The insects fly and hum gaily, the reptiles 
bask in the bright sunshine, the birds chirp and we ourselves get 
a feeling of well being and fullness of life ’ 

Dhar has emphasised that rickets is associated with the 
defective metabolism of fatty food materials When the foodstuff 
lacks m vitamins A and D, which occur m butter, milk, codliver 
oil, but not m vegetable oils, the fat is not completely oxidized to 
carbonic acid and water, which are formed when the foodmaterials 
undergo proper and complete oxidation , the products of incomplete 
oxidation of foodstuffs are organic acids It is well known that 
in rickets, acidity, which is due to the incomplete oxidation of 
food materials, is always observed In presence of acids, calcuim 
carbonate and phosphate, which are the mam ingredients of bone, 
cannot be deposited satisfactorily due to the solvent action of acids 
on calcium carbonate and phosphate The proper treatment of 
rickets is to remove the acidity by improving and making 
the oxidation of fats in the animal body complete This can be 
accomplished by vitamins A and D, alkalies and light, and all these 
agents accelerate the oxidation of fats 

From the researches of Palit and Dhar, it will be evident that 
fats are more readily oxidized by passing air m presence of light 
than the sugars and nitrogenous compounds It appears, there- 
fore, that m the animal body the light absorbed will also accelerate 
oxidation of fatty food materials to a greater extent than the 
proteins and carbohydrates and consequently light is more 
effective m the prevention and cure of rickets than that of gout 
and diabetes As a matter of fact, light acts as a specific in the 
treatment of rickets, and this is explained from the researches of 
Palit and Dhar on photo-oxidation of food materials 

Pmcussen [Biochem Z 150, 36 (1924)] in his investigations 
on the effect of solar radiations on rabbits noticed a stimulation of 
the protein metabolism as shown by an increase m nitrogenous 
excretion Sensitisers like the various dyestuffs and potassium 
iodide still further increase the nitrogen excretion 

Moreover, Rolher as well as Dhar have obtained marked 
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beneficial effect of sunlight m the treatment of diabetes, which is 
caused by the defective metabolism of glucose, although Sampson 
(Physio-therapy technique, St Louis 1923) considers that diabetes 
is not amenable to ultraviolet light therapy, but he admits that this 
has not been the experience of others Bach (Ulhaviolet light, 
New York 1 926) has successfully used ultraviolet light m the treat- 
ment of diabetic gangrene Rothman observed that actinic 
erythema reduces pathological bloodsugar and glucose disappears 
from the urine but normal bloodsugar remains unaffected Light 
treatment should not be combined with the administration of 
insulin, because m this case, bloodsugar appears to in- 
crease 

Chillblams and Raynand’s disease have been successfully 
treated by light Cruickshank and Walt (loc. cit ) report that 
visible light leads to a dilation of cutaneous vessels, stimulating the 
sweat glands and aiding the relief of deepseated congestion 
Normal blood absorbs all radiations of wavelengths shorter than 
4,500 A and has two other absorption bands at 5,400 A 
and 5,750 A 

Fmsen observed that there was a definite seasonal variation 
m the number of red blood corpuscles, the maximum occurring 
at the end of summer and the minimum at the end of winter It 
is generally agreed that exposure to ultraviolet radiations increases 
the number of red blood corpuscles Rollier has observed that 
there is a constant increase in the amount of haemoglobin and the 
number of red corpuscles in patients under light treatment Blood 
estimations carried on with a large number of soldiers first in a 
temperate climate and then after their transportation to the 
tropics showed that the red corpuscles, and lymphocytes, were 
greatly increased m number and the polymorphs and the blood 
pressure decreased in the tropics. 

It seems certain that visible ultraviolet light stimulates 
the haemopoietic system Sunlight, ultraviolet light and heat in- 
crease the lymphocyte count The number of blood platelets in 
the blood also rises on illumination If an animal is kept m dark- 
ness and fed on a diet deficient m vitamin A, the number of blood 
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platelets decreases but they increase again on exposure to light 
Blood platelets are believed to be part of the defensive mechanism 
of the body against bacterial infection 

The effect of ultraviolet light on human blood is to increase the 
red and white corpuscles and haemoglobin and lymphocytes and 
markedly the eosinophilic cells. The bactericidal and immunis- 
ing power is also increased but the polymorphonuclear leucocytes 
decrease. 

Light increases the amount of calcium, phosphorus, and iron 
in the blood, and tyrosm reaches its maximum during erythema 
production It is perhaps because of these changes that light 
treatment is so valuable m rickets Daily exposure for two 
minutes with a mercury vapour lamp at a distance of 3 ft , prevents 
rats from rickets, although kept m darkness and fed on a diet 
causing rickets, a similar dose given to a baby doubles the amount 
of phosphates m the blood m 15 days. The quality of milk of 
cows improves on exposing the cows to light 

Calcium salts are very important m many body reactions and 
have been assumed to be important agents m counteracting 
infection and repairing the damage caused by disease Fatigue 
occurs when there is lack of calcium salts During growth, preg- 
nancy and lactation, large amounts of calcium salts are necessary 
Calcium and phosphorus metabolism are influenced by relatively 
longer ultraviolet arid visible rays , best results seem to arise from 
radiations 3,022 to 2,600 A, shorter wavelengths appear to be 
harmful 

On illumination, hyperglycaemia decreases but the iodine m 
the thyroid gland and the temperature increase, and the blood 
becomes more basic and hence in diabetes, acidosis and rickets, 
beneficial results arise from light treatment On irradiation, the 
respiration becomes slower and deeper The loss of appetite and 
congestion m the cirrhosis of the liver are remedied by light treat- 
ment. Bacterial infection of the bowel and diarrhoea are hindered 

In actual practice ultraviolet radiation is used either as the 
principal remedial agent or as an adjuvant to other therapeu- 
tic measures. - 
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Orr, Henderson and Crichton (Trans Highland and Agnc 
Soc Scotland 1926) observed that when pigs 9 weeks old were 
subjected to light treatment from a carbon arc at a distance of 3 ft 
for 1 hour daily, the amount of calcium and phosphorus, which the 
pigs were able to retain in their body was markedly increased, and 
the amounts excreted m the faeces were correspondingly 
diminished Irradiation improves the leg-strength of young 
chickens Orr, Henderson and Crichton state — ‘It is suggested 
that there should be a fuller utilisation of sunshine for farm animals 
and the employment of artificial means of irradiation in winter is 
put forward as worthy of trial The agriculturist should realise 
that the beneficial influence of sunshine falls not alone upon his 
crop but on all farm animals 

What an important place light therapy occupies m modern 
medicine can be seen from the following lines from an ‘Interim 
Report on artificial light and X-ray Therapy’ by Cruickshank and 
Watt (published by the Scottish Board of Health 1923) 

‘Hitherto where growth has been deficient or function 
defective, we have had recourse to material remedies 
In ultraviolet radiation a few form of treatment is at 
command The extent of its therapeutic uses is as yet 
unknown but experimental investigation has shown that its 
therapeutic properties are m the main limited to conditions of growth 
or of function below normal For example, it has been found to 
increase body weight, to increase the rate of growth, to improve 
the mineral content of the blood, to increase the functional activity 
of the endocrine glands, to increase the bactericidal power of the 
blood, etc , where they are below normal but to have no correspond- 
ing effect on normal individuals We found m the course of our 
enquiry that without exception every patient undergoing light treat- 
ment experienced an improvement in his or her general feeling of 
well being, apart altogether from improvement or otherwise m the 
disease for which the treatment was being given 

Ellis and Wells [Chemical action of ultraviolet Rays, page 270 
(1925)] have made the following interesting statement regarding 
the comparative position of light therapy in medical science * — * 

6 
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‘So far from serious burns being caused by ultraviolet rays, 
exposure to these very rays is becoming a favourable measure to 
relieve pam and to promote healing in ordinary bums, m X-ray 
dermatitis and m sunburn. 

‘Much of the practice m ultraviolet radiation is empirical This 
is, however, true of most important advances in therapeutics. 
Quinine m malaria, mercury m syphilis, iron in chlorosis, lpicac 
m dysentery and the majority of our most valuable remedies entered 
m the pharmacopia, not through the portals of the pharmacologist’s 
laboratoiy but m consequence of accidental discoveries, of lucky 
guesses and not mfrequently with credentials endorsed by 
alchemists, astrologers, magicians and the medicne men of savage 
races 

Finally I shall conclude this article with the opinions of several 
medical men and others regarding the efficiency of light treat- 
ment • 

Dr. J E Lynham (Presidential Address — Royal Society of 
Medicine, 1929) — 

‘The case for the use of ultraviolet light, in skilled hands, is 
proved The technique has been mastered, the effects are sure, 
and the results aie so satisfactory that the treatment is now 
thoroughly established and recognised 

Mr Howard Stratford (Metropolitan Counties Branch, British 
Medical Association, Presidential Address, 1930) — 

‘Actmotherapy is most certainly a general practitioner’s 
work ’ 

Dr F Hernaman- Johnson — ‘If we can discover an agent 
which is effective m activating, at least m some degree, all these 
natural defensive organisms, then the diseases m which it is of value 
will obviously be numerous An approach to such an agent we 
possess in ultra-violet rays 

Dr. Justma Wilson (British Journal of Actmotherapy, Vol 4 , 
No 1) — ‘In all conditions of marked debility, in convalescence from 
fever and other infections, m post operative conditions associated 
with loss of blood and anaemia, light is a great ally to physician 
and surgeon.’ 
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Dr. Donovan, OBE (Sunlight 1930) — ‘Light stimulates the 
patient’s whole power over minor foci of disease The patient 
feels well because these sources of infection have been destioyed 
by his own enhanced fighting power ’ 

Dr. S Banks (British Journal of Actmotherapy, Vol. 3, No. 1) 
— ‘For over two years I have used the mercury vapour lamp ir. 
the wards of Isolation Hospital As a general tonic in convales- 
cence from all acute fevers, m poliomyelitis, m post-diphthena 
paralysis, and as a tonic for the night staff, it should be m constant 
use.’ 

Report of the M O. H. (Medical Officer of Health) Bristol 
1927— -‘In the first six months a total of { 14 children were treated 
There is no question about the results in cases of rickets, after six 
or seven exposures, the legs are stronger and firmer and the child 
begins to walk better Children suffering from general debility 
following an illness such as measles or influenza usually react well 
We get reports of increased vitality, improvements m appetite and 
sleep and m most cases, there is a steady increase in weight When 
a second course is suggested, there is never any need for persua- 
sion 

Report of the M O H Bermondsey 1927 — ‘Ante-natal cases 
have done remarkably well Their general health is improved, 
they are generally more fit and do not suffei from depression and 
they have all had good confinements 

Report of the M O. H Bethnal Green 1928 — ‘Mothers, too, 
say that ultraviolet light has helped to cure their depression, and 
has made them feel stronger and healthier Cases of failing 
breast milk through general ill health have so improved that they 
have maintained breast feeding throughout the whole nine months 
without recourse to any artificial substitute 

Report of the M O. H Aberdeen 1927 — ‘In cervieal adenitis, 
the results are uniformly good Patients with tracheo-bronchial 
adenitis vary m their response , some recover rapidly, while others 
are very resistant to treatment Pulmonary tuberculosis of 

the non-toxic type almost responds well to graduated irradition. 
The mercury vapour lamp is the source of choice, for its radiation 
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has few of the deep heating properties, which may cause pulmonary 
congestion ’ 

Major-General Seely speaking at a hospital meeting in 
London, said “Nearly every disease can be cured by fresh air 
and sunshine A distinguished scientific friend of mine said to me 
recently ‘In 20 years’ time there will be only three means of 
treating the human body — surgery, bacteriology and heliotherapy 
The third of these three will be the most important and all kinds of 
treatment now regarded as essential will disappear ’’ 

The following interesting observations appeared in a leading 
article on light therapy in the Times of 15th October 1927, ‘There 
are few more remarkable movements in the history of medicine than 
the development, which has been witnessed recently in the use, 
for therapeutic purposes, of rays of various kinds So great, 
indeed, and so rapid has this development been, and 
so wide are the horizons which extend before the science 
of actino-therapy, that already a kind of bewilderment 
exists about it in the professional mind What is the 
truth about sunlight and artificial light ^ How far are these ratural 
agencies of healing likely to take the place of existing methods^ 
There can no longer be any dispute about the importance 
of radiological methods m the treatment of disease Those who 
are aware of the revolution, which is now being accomplished in 
the healing of cases of so-called surgical tuberculosis realise that 
the methods, which twenty years ago were universally employed 
m the treatment of these severe ailments are applicable no longer 
The work of the London Hospital m curing lupus is a triumph of 
the use of light as a therapeutic agent, and not less triumphant in 
its results is the work now being carried on in the treatment of 
surgical tuberculosis at the Lord Mayor Treloar Hospital at Alton 
and at other places Light in all these has taken the place, to a 
great extent, of the surgeon’s knife It has achieved benefits for 
the patient, which no other agency has ever provided,’ 



Tanseii as a Poet 

Sumti Kumar Chattcrji (Calcutta) 


Tansen, or Tana-sena, whose name is a household world all 
over India as one of the greatest exponents of the Dhiupad ( Dhiuva - 
pada) or classical Hindu style of singing, was also a poet of rare 
power and felicity, judging from the songs he himself composed 
and set to the classical Ragas, and m this way left them 
for posterity Classical Indian music, 1 e Indian music going back 
to pre-Muhammadan times, as is well-known, has been continued 
m two traditional schools — that of the North (which is known as the 
Hindustani or Hmdusthani school), and that of the South (known 
as the Karnatak or Carnatic school) Tansen for North India and 
Tyaga-raya, the Telugu singer, devotee of Rama (died 1850), for 
South India, are the two greatest names in the history of classical 
Indian music during the last few centuries The Southern 
school is believed to be more faithful to the old Hindu tradition, to 
be purer and less influenced by extraneous systems, while the 
Northern one is regarded as being less pure, having imbibed extra- 
Ind’an influences and developed m a different way frotn the other 
school The Hmdusthani school has adopted a great many things 
from Muhammadan, 1 e Persian, Arab and Turki (Central Asian) 
music, no doubt , in this way it is richer if less pure than 
the Karnatak school But it has preserved a great many things 
intact, too — Has undoubtedly preserved a considerable portion of 
the old pre-Muhammadan music, at least as well as the Southern 
school, and it is m the Dhiupad style of singing, with the special 
accompaniment of the pakhawaj drum, the three-stringed 
tambura (or tanapura), and the North Indian Vina or lute, 
that we see the finished Hindu music of a thousand years ago 
or more. The Dhiupad tradition with its Ragas and Ragmis and 
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its Talas certainly harks back to indegenous Hindu music of pre- 
Muhammadan times. Later developments, with a judicious 
commingling of elements from the music (chiefly of Persia and 
Central ’Asia) brought in by the Turk! conquerors of India, 
are believed to have given rise to the Khyal style in 
the 13th century, then to the Tappa style, and finally the 
T hurra t style in the 19th century. The process has been 
one of elaboration Nothing m Indian music approaches the 
stately simplicity, the nobility, the majesty and grandeur of the 
Dhiupad The succession of notes in a Dhrupad song resembles 
the simple, severe and noble lines of a Dorian temple -Music 
naturally calls for comparison with architecture among the plastic 
arts, and the effect produced by Dhrupad singing, with its proper 
accompaniment, irresistibly evokes this comparison Khyal 
would then be like a rather ornate temple in the Ionic order, Tappa 
would suggest the Corinthian or Roman order, and Thumn the 
Rococo Dhrupad is music m the grand style — the veritable epic 
of music Dhrupad suggests great sculpture, simple and power- 
ful, like those at Mahabalipuram or Elephanta, and Tappa and 
Thumn the infinitely complicated lines and arabesques and highly 
bejewelled figures of later Hindu sculpture Great as the 
Dhrupad of the present day is, basing itself on the tradition as 
finally closed by Tansen and his peers in the 16th and 17th 
centuries, we can imagine that it was greatei and statelier still m 
the 5th-6th centuries AD In the other departments of Indian 
Hindu culture, we have an age of preparation m the centuries 
preceding Christ, the formation and flourishing of the classical 
culture, during the greater part of the first thousand years after 
Christ, and finally, the decay, with the impact of the fuiy of the 
Turkish invasion , and then a fresh rejuvenation under the Indian- 
lsed and Indian Muhammadan dynasties In music also probably 
a parallel line of development took place. Sanskrit, Prakrit, 
Apabhramsa, and Bhasa or Modern Vernacular these are the 
stages, roughly, m the development of the Aryan speech m India 
In the Dhrupad , we have the Bhasa, and probably also the 
Apabhramsa stages its earlier, Prakrit phases, and its oldest 
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phase, comparable to Sanskrit, have perhaps been lost for ever 
But Dhupad can give us some idea of what it was like Our 
present day ‘classical’ tradition is thus, at the best, but medieval 
m point of time 

Be it as it may, we have to be grateful to masters like Copal 
Nayak, Amir Khusrau, Handas Swami, Baiju Baware, Tansen, 
Sadarang, Shori Miyan and others for what they did for Indian 
music They were innovators, some of them, and bold innovators, 
too for example Amir Khusrau, the reputed initiator of the Khyal 
style , and Tansen himself is said to have modified some old Ragas, 
e.g the Raga Ma'lhar, which as modified by him came to be known 
as the Miyan-ki Malhai, and the noble Raga known as Daibari 
Kanai a was his creation But mainly they were conservators 
Their anxiety to preserve the ‘classic’ modes and melodies and 
styles has been the instrument for the preservation, even m a 
fragmentary form, of our medieval and probably also of our ancient 
music * 

Tansen’s association with Akbar has been a fortunate circum- 
stance to which we are thankful for some details about his life and 
for some stones regarding his genius and achievement Contem- 
porary art, too, has given us his portrait we have a few Mogul 
miniatures representing Tansen, which prcsumbly were executed m 
the days of Jahangir In one of these his name is actually 
written beside his portrait he is seen here, a slight figure of a man, 


* It lias been suggested by some that the Dhrupad tradition and the Dhrupad style 
are now dead — their cultivation may be compared to that of a classical language like 
Sanskrit or Greek This is not really the case It is a style of music which may not 
be the fashion now, but it is a living style and a living tradition none the less New 
melodies are composed in the Dhrupad style in the same way they used to be in 
the days of Tansen As an instance of how a new Dhrupad melody may be inspired 
m these later days, we may mention that a short while ago Sangita ratnakara Surendranath 
Banerji (of the famous Visnupur family of singers and musicians) composed a fine 
new melody which he called Raga Gandhi, celebrating Mahatma Gandhi s fast as a 
protest against social injustices among Hindus In fact the Dhrupad could never have 
persisted to our day if it were merly repeating fixed and stereotyped Ragas only, if 
new creation had not been taking place This is eertainly a sign of life and growth, and 
Hot of death or staghation 
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very dark, with a thin wisp of a moustache, in company 
with Jahangir, the son and successor of his illustrious patron 
This picture may represent a meeting when Jahangir was 
a prince, and Jahangir himself m his autobiography has 
declared his admiration for Tansen In the second, he 
is playing on a lute m a company of court musicians m 
the courtyard of the imperial palace, while arrangements are being 
made for a state procession this picture also refers to the times 
of Jahangir These two pictures may be said to give the portrait 
of the man Tansen as he leally was. In the third one, which is 
more a subject composition than a strictly historical picture, he 
appears as a much younger man, but with the same slight dark 
figure, devoutly squatting on the ground and listening with deep 
respect, with the emperor Akbar standing beside him, to his master 
Haridas Swami playing on the tambwa and singing in his hermit- 
age The emperor in his jewels and with his halo has come to 
the saintly musician’s hermitage on foot, leaving his pomp and 
power afar, with figures of squatting camels and tents seen from a 
distance This picture illustrates the beautiful story of Akbar 
going all the way to the hermitage of the samt at Brmdaban to 
listen to his singing, as the latter would not come to the Court, 
Akbar was led there by Tansen, and the latter by a ruse made the 
samt sing, and his singing affected Akbar so much that he fell 
into an ecstatic trance, and when he recovered he asked Tansen 
why he (Tansen) could not sing like Haridas Swami , and Tansen 
made the reply, that he sang for the pleasure of an earthly ruler, 
whereas his master Haridas Swami did it for that of the Ruler of 
the Universe 

And yet, Tansen’ s life and career remains a mystery He is 
mentioned by Abu-1-Fazl, one of his fellow-courtiers, m his 
Ayin-i-Ahbari, in which his name is given first m a list of the most 
skillful musicians of Akbar ’s court — 36 m number and Abu-1- 
Fazl expresses the current enthusiasm for him m this line ‘a singer 
like him has not been in India for the last thousand years’ . We 
have a short biographical note on Tansen by Siv Simh Sengar m 
his $W~simh-Saro j, an anthology of Hindi poets, with brief 
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biographical notes, which was first published SarrWat 1934 
(=1877-1878), and this has been reproduced by Grierson in his 
Modem Vemaculai Liteiatwe of Hindustan (1889) Siv Simh 
gives 1 588 Samvat ( = 1531-1 532) as the year of Tansen' s birth, but 
he does not quote any authority Tansen must have been born at 
least a decade earlier, as this date does not accord at all with the 
other events in his life Tansen died in April 1589 (A H 997), as 
we learn from contemporary court histories m Persian Tansen was 
the son of a Gaud Brahman named Makarand Pande He first 
learned the art of versification and singing from the Vaisnava 
saint Haridas Swami of Bnndaban Later he learned the art from 
the Sufi saint Shaikh Muhammad Ghaus of Gwalior Muham- 
mad Ghaus is said to have been a great musician, the 
greatest among Muhammadans, and he lived m the days of Babar, 
Humayun and Akbar, and was much venerated by the people It 
was through a stratagem suggested by this holy Muslim saint that 
Babar’s general Rahimdad could capture the fort of Gwalior from 
the Hindus It is said that he touched Tansen' s tongue with his 
own, and m this way transmitted to Tansen his own great skill m 
singing Tansen became a Muhammadan subsequent to his coming 
to the court of Akbar in 1 562 We do not know what prompted 
him to declare this open allegiance to the fa’th of Islam It was 
certainly not through hope of preferment at court, as his master 
Akbar was not a bigoted Muslim At heart Tansen remained always 
a Hindu, and a devout Hindu, judging from his songs The few 
songs which he composed praising Muhammadan saints and the 
prophet lack the depth and sincerity of his songs of Hindu inspira- 
tion. Was it the personal influence of Muhammad Ghaus which 
made him accept the Muhammadan name formally, without 
perhaps abjuring anything of his Phndu mentality^ Muhammad 
Ghaus became quite respected as a saint m his old age, and he was 
polite equally to Hindus and Muhammadans, which made him not 
a little unpopular with the ultra-orthodox Musalmans This might 
have made him popular with the Hindus and the popularity of a 
Muhammadan saint — a Pi) or Faqir — has frequently won converts 
to Islam Or was it because Tansen was outcasted, as 
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he was hobnobbing too much with Muhammadans 5 Siv 
Simh notes that Tansen became enamoured of Daulat Khan, a 
son of Sher Shah, the Pathan emperor who ousted Humayun (he 
became a lover, ‘ashiq, of Daulat Khan, in the language of §iv 
Simh). Daulat Khan was evidently a young patron, and Tansen 
is said to have composed many poems m his honour This little 
story gives an interesting side-light into Muhammadan ideas and 
manners of those days. Another reason why Tansen became a 
Muhammadan may be sought m the possibility of an en masse con- 
version, perhaps forcible, of a large section of the group or clan to 
which Tansen himself belonged Gwalior had become an important 
centre of Hindu art — architecture and music specially — during the 
rule of Raja Man Simh Tomar (1486-1518), and Gwalior musicians 
had become famous as exponents of classical Hindu music Abu- 
1-Fazl’s list of the most famous singers and musicians of the court 
of Akbar gives us 36 names, Indian and foreign (Persian 
and Central Asian) , and of these 36, no less than 1 5 are artists from 
Gwalior And it is curious to note that most of these 1 5 Gwalior 
men are Muhammadans with Hindu names — same as m the case 
of Miyan (Mirza) Tansen We have Tantarang Khan, a son of 
Tansen; and others have names like Srfgyan Khan, Miyan Chand, 
Bichitr Khan (his brother Subhan Khan has a Muhammadan 
name), Bir Mandal Khan, Parbin Khan, Chand Khan The con- 
version of these exponents of ancient Hindu music would appear 
to be inexplicable, but cases of forcible group-conversion are not 
unknown m the history of Indian Islam We can mention the 
case of the Malkhana Rajputs of the U P and Rajputana, and 
the Chitrakars of Bengal, two Hindu castes which have been 
unwilling subjects of Islam and are now coming back to the Hindu 
fold once again, A forcible conversion of the Brahman singers 
who In and about Gwalior carried on the ancient art, some time 
during the 15th or early 16th century, when Gwalior was a bone 
of contention among the Rajputs and the Pathan and Mogul and 
other Muhammadan powers, might have been responsible for what 
would appear to be the nominal affiliation of Tansen and 
his biradari of Gaud Brahman musicians to Islam Social sym 
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pathy is often responsible for smaller groups to accept the fate of 
a larger one. Yet another reason for Tansen’ s conversion may 
be love, and this is hinted at by an apocryphal story, impossible 
m its absurdity, that Akbar married one of his daughters to Tansen 
before the latter could be persuaded to sing before him , ‘cherchez 
la femme’ . the charms of a lady of some Muhammadan family may 
have drawn Tansen away. So that one or more of these four 
factors must have operated — personal influence of Muhammad 
Ghaus, his ustad or master m singing ; close contact with 
the Muhammadan bloods of the time, which might have brought 
about social obloquy and perhaps ostiacism from his more strict 
Brahman caste-fellows ; forcible en masse conversion of his clan , 
and finally, his love for some Musalmani girl Be it as it may, 
the influence of Muhammad Ghaus appears to have been one of the 
factors in his career After h’s death he was interred, it may 
be by his own express desire, beside the fine mausoleum over the 
grave of Muhammad Ghaus, at the foot of the rock massif of the 
fort of Gwalior This tomb of Tansen is quite a' place of 
pilgrimage for the singers of Hindustan, who fondly chew the acid 
leaves of the tamarind tree close to his tomb, with the idea that 
owing to the proximity of the tree to the grave of the master-singer 
its leaves will impart a sweetness to the voice 

After the death of his master Daulat Khan, Tansen found a 
Fresh patron m Raja Ram Chand Simh Baghela of Bandhaw 
in Riwan (Rewa) state m Central India, and his largesses 
to the singer were extravagantly generous Meanwhile Tan- 
sen’s fame had spread on all sides, and Ibrahim Khan 
Sur, a successor of Sher Shah, is said to have tried to induce 
Tansen to come to the Agra court, but in vain Akbar, well-estab- 
lished as a strong ruler, had heard about him and wanted to have 
him in his court In 1 562 Akbar sent one of his noblemen Jalal- 
uddin Qurchi to Riwan to bring Tansen to Agra. The rest of 
Tansen’s career would appear to have been uneventful, excepting 
his conversion to Islam, which however could not have exerted 
any great influence on his artistic or spiritual life It would seem 
he lived a life of quiet dedication to his art — composing his songs 
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and singing before his master m private audience or m 
court funct'ons, and obtaining the universal homage that is the 
true artist’s due Probably he trained his relations and pupils 
his sons followed in Ivs footsteps, and his descendants still live, 
m the state of Rampur and elsewhere, carrying on the musical 
tradition associated with the name of their great ancestor We 
hear about his disciples also, as having been eminent musicians and 
singers 

Great as Tansen was in singing, he was a great poet as well 
He lived in what may be called the golden age of Hindi poetry , 
and among his contemporaries were some of the greatest poets of 
Hindi, two of whom, Tulasidas and Surdas (an elder con- 
temporary) are m the forefront of Indian literature Akbar’s court 
was a centre of Hindi poetry, as it was of Persian and other learn- 
ing , and the great emperor himself is credited with having 
composed verses in Hindi (Braj-bhakha) m which he signs his 
names as AJ^abbara or AJiabbara Sahi Among his courtiers 
persons were not lacking who were distinguished names m H’ndi 
poetry, like Mirza ‘Abdu-r-Rahim Khan-Khanan, Birbal, and 
Prithwiraj Rathor of Bikaner (the Rajput prince who composed, 
not m Hindi or Biaj but m this own Rajasthani dialect of Dingal) 
It seems Tansen’ s fame as a singer has cast into shade his great- 
ness as a poet One reason for this was that Tansen was not a 
professed poet, — he did not compose any long narrative poem, 
nor stanzas and distichs meant to be chanted as poetry But he 
was a lyrist in the true sense of the term, as his poems were songs 
which he sang himself , and it was their music which had the first 
appeal rather than their poetry which had only a secondary import- 
ance Tansen had as his peers s’milar poet-musicians m the court 
of Akbar — notably Baba Ramdas and his son Surdas (who has 
been confused with the great Hindi poet of that name, the other 
Surdas, the blind poet of Bnndaban, who sang of Radha 
and Krsna, and flourished considerably earlier) 

Not being m the first instance considered as a poet, Tansen’s 
compositions did not attract the attention they deserved from the 
INortK Indian public The critics and copyists were occupied with 
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Surdas and Biharilal, Tulasidas and Bhusan, and the rest. Out- 
side of the select circle of the singers practising classical music, 
which was quite a jealous caste, and which preserved what it could 
of the master’s composition, ordinary people honoured his name 
as a great singer but otherwise cared little for h’m To my know- 
ledge, no special anthology of Tansen’s songs has been made, 
although all books on North Indian music will be sure to include 
some of them Fortunately, Tansen followed the practise of the 
Hindi (and other North Indian, and Persian) poets of the age m 
signing his songs This would give us the cue m identifying his 
compositions It is hkely that a good many poems that were 
really not his have come to be associated with his name and some 
of his own compositions s milarly came to be assoc ated with other 
poet-smgers A critical edition of Tansen’s songs is a desidei atum 
m Hindi literature the songs considered as literature, and not as 
vehicles of classical music There is quite a goodly mass 
of material to work upon The Sanglta-Raga-kalpa-dnima of 
Krsnananda Vyasa-deva (first published, Calcutta 1843 second 
edition, Vangiya Sahitya Pansad, Calcutta, three vols , 
1914-1916) gives a goodly number with the signature of Tansen 
This can be supplemented by what is available from ether music 
anthologies, in Hindi and in the other North Indian languages. 
A good few can be had from treatises in the Bengali language on 
Indian music One may mention for instance, the works of 
Sangita-nayaka Gopcswar Banerji, perhaps *the ablest exponent of 
the Dhrupad tradition as preserved in Bengal Another such 
collection is a little work (quite useful mspite of the mutilation of 
the Hrndi words in every line) named Dhupad Bhajanavali, an 
anthology in Bengali characters compiled by Babu Ramlal Maitra 
of Rangpur m Northern Bengal giving some 37 1 Dhupad songs, of 
which over 180 have the signature of Tansen 

Tansen, like most poets of the Western Hindi area, composed 
m the Braybhakha dialect, which, spoken m and about Mathura 
and Brmdaban m its purest form, is one of the most highly cultivat- 
ed Aryan speeches of India, and a perfect veh cle for lyric poetry 
Standard Literary Hindi of the piesent day, and Urdu wh’ch has 
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been aptly described as ‘Musalmani Hindi’, had not as yet evolved 
out of the conflict of dialects that was going on then. As 
a medieval Indian language, it is rich in vowels, and words in it 
always end in vowels This fits it with a special suitability for 
songs, especially of a elevated tone One tradition in pronuncia- 
tion which characterises this dialect when used m lyrics or songs — 
current at the present day at least among certain schools — is to turn 
a short a before a group of a nasal plus stop (simple or aspirated) 
into the diphthong au (nowadays pronounced something like the aw 
or au m English law 01 Paul), in which the following nasal element 
is long drawn out, which gives an added sonority and dignity to a 
verse when drawn out in the tune e g. pardiaja, sankha, ganga, 
panca, anjana, mandala, anta, canda, sugandha, ambha , are 
pronounced as paunfyaja, saurd^ha, gaunga, paunca, auryana, 
maundala, aunta, caunda, sugaundha, aumhha 

One great point with his poems (as with similar lyrics by other 
Hindi poets of his time) is the terseness of language Grammar is 
reduced to a minimum, post-positions and other help-words are 
admitted only when absolutely necessary even inflexions are 
clipped, — the mere base of the noun or the verb doing duty for the 
inflected form The sentence resolves itself into a succession of 
whole words, sol’d words and compounds, which m their isolated 
position become imbued with a sort of grandeur and intensity other- 
wise unattainable We have frequently in the lines of Tansen 
a succession of pictures evoked by the mere word — the topic being 
familiar to his audience 

The poems fit m which the exigencies of Dhrupad singing, 
and consequently corresponding to the four parts of the Dhrupad 
— Asthayl, Antara, Sahcari and Abhog, there are four parts The 
metres are usually those of four long lines, like Caupaiya, Sawaya, 
Tribhangi, Padmawati, LilaWati, Hindola, Dwarrula, Madana- 
hara; and frequently we have prose 

This is the formal range of Tansen’s poetry — h’s muse must 
be confined within the limited extent of a four-lined stanza This 
was a self-imposed handicap In the range of his subjects, he 
allowed himself but slightly greater variety Herein the conven- 
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tion that allowed only particular subjects as suitable for the 
Dhupad jealously prevented him from essaying many other 
sentiments Dh upad music as being of an exalted kind 
could only have exalted subjects praise of the Supreme Being, or 
of the various aspects of the Deity — the various Gods and 
Goddesses of the Hindu pantheon, descriptions of the Gods, their 
greatness and their sports ( lila ) , descriptions of Nature, specially 
of the Seasons , celebration of music , love, specially that of Radha 
and Krsna , praise of kings and rulers , and under Muhammadan 
inspiration, praise of Allah, of the prophet Muhammad, and of 
Muhammadan saints, living and dead, Indian and foreign The 
vocabulary of Dhi upad songs was that of Old Braj-bhakha poetry, 
that is, Old Hindi and Sanskrit words by preterence, as Persian 
and Arab vocables had not yet made much impression on the 
Indian languages . but m the songs of Muhammadan inspiration, 
Persian and Arabic words and phrases occasionally have full play 
This was the limited range of subjects for Dhupad lyrics 
The form was even more limited. The poet’s choice of 
words also had to take cognisance of the melody but 
this was an advantage as much as a disadvantage, for it 
ensured an indissoluble welding together of his sentiments 
and his music On the whole, there were thus some 

senous handicaps Yet within this narrow scope, Tansen shows 
his genius remarkably well The stateliness of the form and its 
balanced architectural quality, to start with, elevates his composi- 
tions , and this elevation is further sustained by the nobilty of his 
diction and the aptness of the woids he selects The very terms 
and epithets with which, for instance, the Gods m their majesty 
are described, evoke pictures which have a stamp of primeval 
grandeur about them Thus, for instance, m some of the hymns 
to the Supreme (Para-brahma), and to Siva and Visnu The 
brightness of the spring, with the birds singing and the south 
breeze blowing, the rainy season, with its gusts of the easterly 
wind, its dark tropical clouds, the clouds’ rumble and the light* 
fung’s flash, and the incessant patter of ram heard on the terrace, on 
leaves of trees and on sheets of water ; the tenderness and the idyllic 
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love ol the divine lovers Radha and Krsna, typifying the quest of 
the soul for God, and its final union with the Godhead all these, 
and a score of other things — the subhmest and the sweetest in 
Indian poetry — find a jewelled setting as it were m these Dhiupad 
poems We have in them the concentration of classical and 
medieval Hindu poetry and devotion 1 hese Dhrupad poems, 
with the analogous Raga-mala poems (explaining the Rajput and 
Mogul miniatures on the subject), are among the choicest flowers 
in the garden of Indian poetry Tansen is in the direct line of the 
ancient and medieval poets of India, from the Rigvedic period 
downwards 

He is a court singer and a court poet, being in attendance on 
one of the greatest rulers of men that history knows Yet his 
themes are the property of the common people of India, — they relate 
to things which the humble tiller of the soil understands and loves, 
as much as the scholar and the aristocrat, the soldier and the trades- 
man aVir alyta pnyam he has revealed the things we love 
His poetry is a product of the race-mind — .t is national, 
and popular, m the truest sense of the terms 

In the mass of the poems, it is not possible to trace 
any chronological arrangement or development It has been 
suggested (in the introduction to Mr Ramlal Maitra’s anthology 
of Dhupad songs mentioned above) that Tansen’s life as a poet 
falls in three periods — that of his young age, his manhood, and 
his old age In the songs of the first period he celebrated his prince- 
ly patrons, and treated of Nature and the Seasons these are gay and 
light in temperament In his second period, he treated of the Gods 
and their glory but in these one does not get any depth of feeling , 
and in the third period, Tansen composed poems on the love of 
Krsna and Radha, and these poems showing his bhakti are the 
most profound in spirit, and these carry away the listener in a stream 
of passionate faith m God In their poetry, too, these last are said 
to be supreme Now, from a study of the songs themselves, it 
would appear that this classification into periods is arbitrary, and the 
grouping of the songs with reference to the profundity of sentiment 
is largely subjective. 
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But there is no denying the fact that some of Tansen’s poems 
of praise and prayer are as sincere and as profound as those of 
the greatest saints of India Tansen’s lyrics, the purely religious 
ones as well as those which may be described as ‘secular’ (e g- 
descnptions of Nature), in their very simple manner certainly do 
reveal a mystic and a man of deep piety He is a true Brahman 
in his poems, and one of the best cultured, too, in the lore and the 
thought of India He is keenly alive to the grandeur and the pro- 
fundity underlying the conception of Siva and Visnu, of Surya and 
Ganesa, of Devi and Sarasvati He also reveals himself as a 
pantheist of the noblest type in some of his poems He is a true 
inheritor of all the wisdom and the beauty which Hindu culture 
produced, from the Vedas to the Upanisads, and the Mahabharata 
and the Ramayana and the Puranas, down to the Tantras and 
the Bhakti-marga Saints of Medieval India And his songs have 
been known to induce the ecstatic condition of prayer in the listener. 
Some of his prayers ring quite sincere m their note of despair as a 
man and sinner — the Eli Eh lama sabachthani cry is here 
softened by an overpowering sense of God’s mercy and his ever 
being with us 

The Dhrapad poems are fittest to be sung before an image 
of the Deity m a temple, or in a select company in a drawing-room, 
or up on a terrace m the moon-lit night, or m some 

quiet hermitage or grove by a great water or river under the star-lit 
sky of a dark night In the Kadambari of Bana-bhatta, the Sanskrit 
writer of the 7th century A D , we have the exquisite picture of 
Mahasveta, the young princess, mourning for her absent lover, and 
singing to the accompaniment of a Vina m front of the image of Siva 
in a temple by the Acchoda lake and the song m praise of Siva 
that she sang was certainly the classic Gupta counterpart of our 
familiar 16th century Dhupad And the forlorn wife of 
the Yaksa in the Megha-duta of Kalidasa, trying to while away 

the pangs of separation by playing on her Vina and sing- 
ing what else would she sing, except songs of separation 

— vuaha — m some grand old Raga, and m the Dhiupad style ^ 
Certainly, the music that nature makes in praise of God — the music 
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of an elevated and ecstatic type in which Siva is praised m the 
mountain glades of the Himalayas, when the wind pipes through 
the slender hollow bamboo, and the celestial nymphs — Kinnans 
— are singing m unison, and the thunder of the clouds echoing 
from the caves of the mountains form the deep drum-beat — that 
music finds its expiession through the Dhtupad Similarly, the 
eternal quest of Radha and Krsna for each other has its perfect 
musical expression m the woids and the Ragas and the Talas of 
the songs of the Gita-govinda 1 have attended the most impressive 
religious services of the Roman Catholic Church, and those 
of Hinduism Temple chanting of various sorts I recall, — e g in 
the great Visnu and Siva temples of the Tamil-land m South India, 
in the Pun temple, at Benares, and elsewhere I have been impress- 
ed by the greatness of the religious chanting everywhere But I 
recall with special pleasure the early morning service I witnessed 
in the Siva shrine of Eklmgji ( Efyalinga-natha ) near Udaipur, where 
during the intervals that the shrine-door was closed, when 
the Sanskrit manbas would not be heard for a while, an old singer 
with a sarangi lute and an attendant with a pal^hatoaj drum struck 
up a DJvupad song of praise, the effect of which amid the impres- 
sive silence and in the carved porch-hall of the temple 
could be well imagined We have a good many Rajput and 
Mogul miniatures from the 16th century onwards giving us the 
ideal setting for a discourse of music m the Dhiupad style a 
princess, alone or accompanied by a maid, singing and playing on 
the vlna before a Siva image, m a forest glade m the depth of the 
night, or m the glory of an early autumn morning , musicians and 
Yogis discoursing music m a river-side hermitage, the picture itself 
a nocturne of wonderful power , a maiden looking wistfully at a 
cloudy sky The scenes in the Raga-mala pictures are ‘visualised 
music’, the music of the Dhrupad In fact, m the Dhrupad songs 
and m the Rajput and Mogul Raga pictures (in the Rajput 
miniatures especially), we have a remarkable co-operation or 
parallelism of music and art. 

I shall close by giving a few poems of Tansen (some ten), in 
Romanised original and in translation, the texts being slightly 
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emended and corrected from the very corrupt traditional or' printed 
versions These would give a fair idea of Tansen’ s achievement 
as a poet The songs to the Dawn are quite remmiscitory of Rig- 
veda poetry 

[ 1 ] Raga Lahta-Bhairawa Tala Cautala 
hema-kiritim Ukha dewl kanaka-barani sawita-gehim udata 
madhura hasa ]aga hasayau 

smdhu-bari udata Bhanu, bimala soha jaise manaun disa- 
nayari kanaka gagari pan! bhari bhan mangala-asnana karayau 
bihaga madhura lalita tana gawai, bhuwana nawa jiwana, 
ananda-magana saba jaga-jana mangala-gita gayau 

ayl Ukha, kawanla-netrl, gayatri, ]aga-dhatri, leke aruna- 
kirana-manjana Tanasena manasa-tamasa dura liyau 

{A Hymn to the Dau)n Goddess) 

Golden-cmwned Ushas, Goddess of Dawn, Golden-hued, 
Spouse of the Sun, she is rising, and has made the world smile 
With her sweet smile 

The Sun is rising from the waters of the Sea the pure beauty 
(of the scene) — as if the Nymphs of the quarters of the sky have 
bathed him in an auspicious bath, filling and refilling with water 
golden jars 

The birds are singing in sweet and soft notes theie is new 
life on earth, and all men on earth deep in bliss sing a song of joy 
Ushas has come, lotus-eyed Songstress (Gayatri), the 
Sustainer of the UnWeise taking the rays of the Young Sun as a 
collyrium, she has removed afai the daikuess that is in the mind 
of Tanasena 

[2] Raga Bhairawa Tala Dhima Titala 

Mahadewa Mahakala Dhurajatl Suli Panca-badana Prasanna- 

netra 

Parameswara Paratpara Maha-jogi Maheswara Parama- 
purukha Premamaya Para-santi-data 

santa-gana bhmna bhmna pantha jaise awata, smdhuwa pai 
rahata magana, 
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Tansena kahai taise bhagata bhmna murati upasata eka hi 
Bramha awata. 

(A Hymn to Siva) 

Great God, Gieat Time, Bearer of matted locks on Thy head, 
Tndent-holdei , Five-faced, with eyes that aie giacious 

Supreme Loid, Supieme of the Supieme, Great Yogi, Great 
Loid, Supieme Person, Soul of Love, GiVei of Supieme Peace 
As streams come along diffeient ways and become merged 
on reaching the Ocean — 

Tanasena says so devotees worshipping diffeient images 
( manifestations ) come to the one Brahma 

[3] Ragmi Lalita Tala Cautala 

gagana-mandala-madhya Udayacala-para asta-baji kanaka- 
ratha-men Aruna-sarathi hota priya Ukha saw en aruna-barana 
rangi basana pahiri Bhanu udata 

gaganangana andhara-dhuriya kirana-manjana dura liya, 
hullasa Prakriti hasata amiya, bicitra bhukhana mohana sajata 

kanana-kuntala nihara-bundana jarita mukuta-mala manon, 
smdhu mcola, acala mekhala, mtamba dharani bisala 

balarka smdura-bunda bhala, graha-ura-sapta-rikhi-mandala 
sohata Prakriti-soha mhari Tanasena prana matawata 

(Morning) 

In the Vault of the sky, upon the Mountain of Sunrise, the 
Sun uses in his eight-horsed chanot of gold, with Aruna as his 
charioteei , accompanied by his beloved Ushas, putting on a coloui - 
ed garment of rosy hue 

Darkness has been lemoved like dust from the court-yard of 
the sky through sweeping With his lays in -joy Natuie smiles 
ambrosia, and di esses heiself charmingly with Wonderful adorn- 
ments 

The woods, like (Natuie’s) tresses, seem to be done up 
With the dew-drops as With strings of peai Is the sea is 
the (blue) breast cloth, the mountain chains the zone ornament, 
and the wide earth is the bioad hip (of Natuie) 

She has the young sun as a red vermilion patch on her fore- 



Tansen as a Poet 


61 


head the planets and the stars, the group of the Seven Sages 
(the Seven Stars of the Great Beat), appeal beautiful .< seeing all 
this beauty of Natuie, Tanasena’s soul is intoxicated 

[4] Ragmi Bhairawl Tala Cautala. 

anta-kala knpa karo hiya-para tharau, Han Kawanla-naina 
Kawanla-pati murali-adhara lalita-madhura bankima bha-i Banka- 
bihari. 

badana khina, indnya hina, papa suwanri asthira prana, 
mrasa prabara, biswa andhara, geba chon prana jata Hari 

bikbaya apada sukba sampada dhana-jana-dara-bandhawa- 
suta saba-ko chori calihaun, eka karama aba sangi rahiyau 

Patita-pawana Prabhu Janardana, patita dina Tanasena, 
Biswa-mohana, para-gami prana asraya dije, Goloka-bihari 

(A Ptayer to Ktsna the Saviour) 

Give me Thy grace when my end comes, taking Thy stand 
in my heart, O Han, Lotus-eyed, Lotd of Kamala (Sit), with thy 
flute at Thy lips, and in Thy side-way pose so sweet and beautiful, 
O Lord of Sport that standest awnly 

My frame (face) is wea\, misetable my senses my soul is 
testless, remembeting my sins despair is strong, the Universe is 
dar\ for me, O Han, my life is passing away, leaving its abode 

My estates, my pleasutes and possessions are a tnbulation to 
me I shall depart alone, leaving behind all my riches and men 
and wife and relations and sons my actions alone remain with 
me. 

Saviour of the fallen, Master, Slayer of the demon Jana, 
Tanasena has sinned and is miserable O Charmer of the Universe, 
my life is passing on to the other shore, Vouchsafe it refuge, O 
Dweller in the Paradise of Goloka * 

[5] Ragini Darbarl Tori. Tala Cautala, 

prana merau hi rota hai biraha Prana-ballaha msi-dma, he 
Hari saranagata dina-ko darasana kahe na mila. 

dhunri hirda na pawe mdhi, ya bidhi ter! bidhi, Hirda-natha 
Dina-natha, kauna gati kina mere aparadha-ke phala. 
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suna prana, suna mana, suna hnda-asana ; andhara bhayau 
biswa-samsara, be Natha 

Tanasena bmati kaiata, ai birda Jagannatha maru-bhuma 
prema-bari barakhi prana klje sitala 

{A Prayer to Kisnu) 

My soul weeps for separation day and night, O Lord oj my 
Soul O Hart, why is not a sight oj Thee Vouchsafed to 
this miseiable one, seeking refuge m Thee 3 

The jewel is sought for, but not found in the heart 
this ordination is Thy ordination Loid of my Heart, Lord of the 
miserable, as the fiuit of my sins what fate hast Thou 
oj darned foi me 5 

Void is my soul, void my mind, and empty the scat of my 
heart the entue Unweise is dark / OJ me , 0 Lord 

Tanasena makes piayei 0 Loid of the Woild, do Thou 
make my lestless soul cool, coming to my heart and raining upon 
the desert land the waters of love 

[6] Ragini Alaiya Tala Cautala 

jagata-jrwana hau Prabhu, bhagata-bacchala Tun hi 
Bhagawana 

Bhagata-hiya-pankaja-raja Acala-raja Rajarajeswaia Agana- 
bhuwana-palaka 

Tun hi mata, Tun hi pata, Tun hi dhata bandhawa, Tun hi 
prxya pranarama Tun hi para santi, sukha gati, moccha-bhakti-data 
Bramha Taraka 

Nanda-nandana Hirda-ranjana Bhaya-bhanjana Ripu-gan- 
jana, Narayana, Purukha-ratana, Ananta, Anadi, Biswa-natha 

Prana-ballaha, Bahu-ballaha, Tanasena-kau eka Ballaha 
maya-moha-mugadha cita samsara-tapa tapata Santi-data, dije 
santi dina-kau 


(A Prayei to Krsna) 

Lord, Thou art the Life of the World, Thou ait full of grace 
to Thy servants, Thou art God, King of the Jotus of the heart of 
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Thy devotees, King unmoved, Loid of \ings, Protedoi of 
unnumbeied Worlds 

Thou art the Mothei , Thou ait the Protector, Thou art the 
Creator, Friend and Beloved Thou, Thou ait the Repose of the 
Soul, Supieme Peace, Blissful Existence, Giver of Salvation, of 
Faith supreme, O Brahma the Savioui 

Thou the Son of Nanda, the Charmei of Heart, the Destioyer 
of Fear, the Suppiessoi of the Enemy, Son of Man, Gem of Men, 
Unending, Beginningless, Lord of the World 

Thou art the Lord and Lover of my soul, Lord and 
Lover of Many, the one Loid and LoVer of Tanasena, my mind 
is bewildered by Illusion and by Ignoiance, and is suffering from 
the torments of life Bestowei of Peace, grant Thou peace to this 
wretch 

[7] Ragml Hindola Tala Cautala 

sundara sarasa ritu-raja Basanta awata bhawana, kunja kunja 
phuli phuli bhawanra gunja, koyila pancama gana matawe nara- 
nari 

kanana kanana phutata cameli bakula gandha-raja bell, 
motiya gulaba sugandha manohari 

Pawana calata manda manda, bichuri gandha cahun disa 
gunj ana jhanana nada pancama purata sabahu bana-bhuwa 

Rati-pati bhaja juwaka-juwatl, nacata gawata hmdola mati, 
Gowinda-mangala Tanasena gayau ri 

(The Advent of Spring) 

Spring is come — the King of Seasons, the beautiful, the joyful, 
the pleasing in all howeis and gaidens the bee hums on each 
flower, and the cuckoo calls out its notes in the Panchama k e y ani d 
makes all men and women intoxicated with joy 

Flowers bloom in the woods flagrant and heart-ravishing — 
chameli, bakul, gandha-raj, bela, motiya and the rose 

The breeze blows soft, spieading the peifume on all sides 1 
the hum of bees, all joyful noises, the notes of the cuckoo — these 
fill all the woodlands 

Young men and young women worship the God of Love, ahd 
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they dance and sing, abandoning themselves to the swing- 
festival and Tanasena has sung of the piaises of GoVinda (of the 
sports of Kisna in Bnndaban ) 

[8] Raga Malhara Tala Cautala 
Badara ayau rl lala Piya bina iagai dara pawana 
eka to andheri kari, bijurl cawankata, umada gbumada 
barakhawana 

jaba-ten Piya para-desa gawanna kinau, taba-ten biraha 
bhayau mo tana-tawana 

Sawana ayau ata jhara lawata Tanasena-prabhu na ayai 
mana-bhawana 

(Sepa) ation in the Rains) 

Ah, the Rain-clouds have come, but without my darling 
Beloved I feel so frightened, O 

It is black darkness, the lightning flashes, and the ram comes 
in toi rents With the rolling clouds overcasting 

From the time that my LoVe departed for a far land, 
his separation has become lil^e a consuming heat for my body 

The month of SraVana is come, it has brought here the drip 
of the rains but Tanasena’ s Lord, He that pleases the heart, has 
not come 


[9] Ragini Bihaga Tala Cautala 

Sain, Tun na awai aja, adhi rata (andhi rata), majha majha 
simhanl jagawai simha kanana pukara 

candana ghasata ghasata ghasa gaye nakha mere, basana na 
purata maga-ko nihara 

dhika janama mere, jaga-men jiwana mere bimukha lagawai 
Natha pakari benu bara bara 

haun jana dina ati, nayanahu ban bahai, Tanasena antara-bani 
dhurupada pukara 

(Separation a Prayer) 

My Lord, Thou dost not come to-night it is mid-night (of 
dark is the night), and at times the lion makes the lioness awakd 
by his roar in the forest. 
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My finger-nails have become rubbed off, rubbing over and 
over again the sandal-wood ( making a perfume paste for 
Thy coming), my desire is not fulfilled, looking and looking for 
Thee in the road 

Fie, O fie upon my both my Loid has made my life on eaith 
come to naught by seizing ( and playing on) His flute again and 
again 

1 am a most miseiable peison, tears flow from my eyes • this 
Dhrupad utters forth the heart’s message of Tanasena. 

[10] Raga Bilawalx Tala Cautala 

tana-ki tapa taba hi mitaxgi men, jaba Pyare-kau dnsti-bhara 
clekhaungi 

jaba darasa paun Prana-pritama-kau, janama jitawa suphala 
apanau hkhaungi 

asta-jama mohi-kau dhyana rahata wa-kau, ali-kau le 
bhetaungi 

Tanasena Prabhu kou ana milawai, ta-ke pawana sisa 
tekaungi 

(Yearning) 

The feVer of my body will cool only when l shall gaze on my 
Beloved, to the satiety of my eyes 

I shall descnbe my life and my sojourn as having borne good 
fruit when I shall have a sight of Him who is the most beloved of 
my heart 

All the eight quarters of the day and night there is in me the 
thought of Him taking my girl-friends with me I shall go to meet 
Him 

Tanasena (says), should anyone bring my Lord (to me) and 
make me meet Him, I shall touch his feet with my head 


[Note — In the above transcriptions, it is to be noted that an Italic n nasalises the 
preceding vowel ; s is pronounced like dental s, n and m ( anusVara ) like ordinary n , 
end s when mtetvocal has been written kh, following the old Hindi pronunciation 
The letter c, it is to be noted, has always the value of the English ch, and never of k. 
The letter r is the so called cerebral r (=d between vowels) ] 
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Sir P. C. Ray, the Man and His Work 

]}\ F G Donnan (London) 


It gives me the greatest pleasure to add my testimony to the 
many others that will be offered on this occasion to the personality 
and work of Professor Sir Prafulla Chandra Ray. 

It was about eleven years ago that I first had the privilege of 
meeting him. He was on a visit to England and had come to see 
my laboratory at University College and some of his friends and 
former pupils who were researching there at that time (Bhatnagar, 
Ghosh, and Mukherjee) Did he arrive with much ceremony and 
a flourish of trumpets ^ No ? I found it extremely difficult to know 
when he had arrived The extreme modesty of the man was 
amazing Here was the Father of Modern Chemistry in India in 
my laboratory, and yet one scarcely knew he was there at all 

I noticed how he was revered by his old pupils But not only 
revered — beloved also Here was a man who, through the 
personal example of a life devoted to science and to the care and 
teaching of his disciples, could inspire in them the deepest 
reverence and affection I found then and afterwards that the 
words modesty and devotion could best describe the personality 
of Sir P C. Ray From the great Buddha onwards through the 
stream of time, these qualities of mind and spirit have ever been 
the characteristics of the great leaders of Indian thought and Indian 
ideals. They have shone with conscious and serene brightness 
throughout the life and work of Sir P C Ray 

I used no idle words of conventional flattery when I called 
him the Father of Modern Chemistry in India Perhaps I should 
have called him simply the Father of Indian Chemical Science 
It was he wh<3 first devoted himself to a life of scientific research on 
chemical problems. By his teaching and his example he has pro- 
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duced a great school of chemical research m India His pupils 
occupy distinguished posts, Professorial and other, through- 
out his native land When they have come to me in London, I 
have always found them to be men of high intelligence and enthu- 
siasm for scientific research. They were infused by the spirit of 
their Master in India, and weie determined to carry on the great 
work which he had begun Nobly have they done so. India 
now ranks high amongst the nat'ons of the world which contribute 
importantly to the advance of science It would be difficult to 
overestimate the part which the work and influence of Sir P. C Ray 
has played in this splendid development 

I shall not make any attempt to describe or discuss his personal 
contributions to chemical science Others more expert than I will 
do that Sir P C Ray, however, has been throughout his life 
no narrow laboratory specialist He has shown by his writings 
that he is a widely-read scholar m the history of science and the 
history of chemistry in India He has, through his energy and 
practical ability, founded and directed an important chemical 
manufacturing Company m Bengal His ideals have always 
been hard work and practical good m the service of his 
country Though devoted to the cause of pure science, he has 
never been the unpractical dreamer in the clouds But he has 
never asked much for himself, living always a life of Spartan 
simplicity and frugality — a Saint Francis of Indian Science I hope 
* that future ages will cherish his name as one of the band of self- 
denying and devoted men who have revived and handed on the 
flame that once burned so brightly m India, the search for truth 
and the hidden mysteries of thmgs. 



Some Pre=Linnaean Writers on Indian Zoology 

T3y B Prashad (Calcutta) 

In the selection of a subject for my contribution to the 
projected volume in honour of Sir P C. Ray’s 70th Birthday I 
have been influenced by his well-known publication “The 
History of Hindu Chemistry ’’ Dr F H Gravely m his Presi- 
dential Address (9) to the Zoology Section of the Eighth Session 
of the Indian Science Congress gave a very useful summary of the 
history of Indian Zoology, but the Pre-Lmnaean writers are not 
considered in detail m this Address , m the present contribution I 
have attempted to supply this deficiency 

The general references to animals and animal products of 
the Orient m the Old Testament have been discussed by Gravely 
and need no further reference. 

The earlier biological work of the Hindus is summarized 
by Nordenskiold (18) as follows “The civilized peoples of 
eastern Asia, the Hindus and Chinese, have likewise contributed 
very little of importance to the development of biology ’’ This 
is a very misleading statement, for as Seal (24) 1 has discussed at 
length, Charaka, Prasatapada, Susruta, Sankara and above all 
Umasvati classified animals on a more or less rational basis 
Umasvati’s classification of the animals is based on the number of 
senses possessed by the different animals, and his classification, 
though by no means up to the modern standards of systematic 
Zoology, is in no way inferior to that of Aristotle, Pliny or Gesner 
The anatomical accounts of the earlier Hindu writers, though 
permeated with fanciful ideas about the numbers and functions 

] For further references to Hindu writers on Zoology see Gravely (9) and 
Anhandale, N — Journ Bombay Nai Hist Soc , XXIX, pp 633 634 (1923) 



Some Pre-Linnaean Writers on Indian Zoology 


69 


of the organs, are, considering the times, far in advance of what 
was known at the time m Europe about the anatomy and physio- 
logy of animals They were often based on dissections and a 
careful study of the animals themselves In passing it may be 
noted that the exact dates of the works of the authors referred to 
above, are still a matter for investigation 

Though chronologically of a later date, the contributions of 
the Moghul emperors to our knowledge of the biology of the 
Indian animals may be next considered The period begins with 
Babur’s victory at Panipat in 1 526 A D and extends to 1 707 A D , 
the year of death of Aurangzeb, the last of the Great Moghul 
emperors of India The six Moghul emperors, Babur, Humayun, 
Akbar, Jehangir, Shah Jehan and Aurangzeb were all keen 
naturalists, and the memoirs of these emperors, as also the histori- 
cal works dealing with their reigns, are full of lefeiences to 
animals of India These accounts, though mainly confined to the 
vertebrates, are of interest m connection with the distribution, 
numbers, habits, methods of hunting, etc of different animals 
The Moghul emperors in addition to having extensive game 
preserves, maintained Royal Menageries in which “ Animals of 
all kinds from Persia, Turkestan, Kashmir, whether game or 
other ” were kept for “ the wonderment of beholders ” Sir 
Lucas King (14) m his revised and annotated translation of the 
Memoirs of Babur gave the scientific names of the animals des- 
cribed in the work, and a very valuable and critical account of the 
animals mentioned was recently published by Salim A Ah (2) 
A short article on the identification of the fishes mentioned in these 
memoirs has also been published by S L Hora (11) 

In a review of the European writers on biological subjects we 
have to start with the Greek philosophers, and Aristotle naturally 
is the first author to be considered m this connection 

Aristotle (3) was a famous Gieek philosopher and naturalist 
born at Stagira in 234 B C. In his writings about 500 species 
of animals, both vertebrates and invertebrates, have been recog- 
nised. The animals mentioned are mainly from Greece and the 
surrounding seas, but he also included accounts of several exotic 
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forms mainly from tlie writings of earlier authors, though it has 
been stated that Alexander the Great used to send him material 
for investigation from the countries he conquered , in these accounts 
we find mention of such Indian forms as the elephant, the lion, 
and several species of birds 

Almost thiee centuries passed before the second outstanding 
figuie, Caius Plimus Secundus (A D 23-79), also known as the 
Naturalist Pliny, appeared Pliny was born at Como m North 
Italy, and he left in addition to a large number of his works which 
have disappeared, the manuscript of a really interesting Historia 
naturohs (19) In the preparation of this work, Pliny consulted 
over 2,000 works of the earlier writers and the result is an encyclo- 
pedia of all that was known about the animals of the different 
parts of the world His account of the elephant, which curiously 
is listed first amongst the animals, though fanciful and inaccurate, 
is particularly interesting, and is quoted below — 

“ Amongst land-animals the elephant is the largest and the 
one whose intelligence comes nearest that of man, for he under- 
stands the language of the country f obeys commands, has a 
memory for training, takes delight in love and honour, and also 
possesses a rare thing even amongst men — honesty, self control 
and sense of justice ” He also gave a fairly detailed 

account of its habits, its mating, the methods adopted for its 
taming, etc He also referred to several other Indian animals, 
and m spite of his account being full of most fantastic fables, he 
can rightly be styled as the first water of importance on the Indian 
Fauna 

Zoology was almost a forgotten science till the beginning of 
the sixteenth century, when the “outstanding product of the New 
Birth of Zoology” Conrad Gesner or Gessner (1516-1565) 
published his works Gesner had studied medicine, philosophy 
etc at Paris, Montpellier and Basle, and tiavelled fairly extensively 
in Central Europe Though he died at the early age of 49, he 
was able to finish his famous Histona animalium (8), a well illus- 
trated work m four large folios of nearly 3,500 pages, in which he 
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classified animals on the Aristotelean plan The alphabetical 
arrangement and careful preparation of the work are on a model 
that is extraordinary for the times, but the most original contribu- 
tion of Gesner to Science was his introduction of illustrations as 
an aid to the study of Zoology Every description is followed by 
an illustration, and, fanciful though a great many of his figures 
are, he spared neithei trouble nor expense to secure accurate illus- 
trations of the animals According to the modern standards his 
classification of animals is very faulty In the first part he included 
viviparous and oviparous quadrupeds, m the second birds, the 
third is devoted to fishes and m the fourth, which was a posthum- 
ous work, are described the reptiles and insects 

Ulisse Aldrovandi (1522-1605) followed Gesner, and was 
probably one of his pupils He was born at Bologna, and was 
trained for commercial pursuits in the earlier yeais of his life He 
latei studied medicine and became a professor of Pharmacology 
at Bologna in 1560 All his fortune was spent m collecting 
natural history objects and he employed the best available artists 
for preparing illustrations of his collections His collected works 
on natural history consist of fourteen large folio volumes ; only 4 
dealing with birds were published during his life-time, while the 
lemamder on other animal groups, plants and stones were 
published after his death Aldrovandi’s work Ope) a Omnia 
(1) is modelled on that of Gesner, but as he lived longei and 
worked under more favourable conditions he was able to deal with 
the subject more precisely and in greater detail His classification 
of the animals is distinctly more rational than that of Gesner He 
paid more attention to anatomy, particularly the osteology of the 
animals He was also able to record a larger number of extia- 
European and so far unknown forms His work is a definite 
contribution to our knowledge of biology and exercised a powerful 
influence on the Zoological work of later authors 

Considering the times, the works (22,4,5) of Guhelmus 
Rondeletius (1507-66), who has been styled as the “grandfather 
of modern Ichthyology’’ and of Pierre Belon (1517-64) on fishes, are 
of exceptional merit and may be mentioned here The latter 
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authoi was also a famous ornithologist and his contributions to 
comparative anatomy are particularly valuable 

John Ray (1628-1705), the famous English Naturalist in 
whose honour the Ray Society of London was founded, was born 
at Black Notely m Essex He studied at Cambridge and later became 
a lecturer on Greek and Mathematics He afterwards became a 
companion and co-worker of Francis Willughby, a wealthy English 
squne devoted to natural history, and it is almost impossible to 
separate the woik of these two workers 1 here can be no doubt, 
however, that the chief author of the Zoological part even 
m the edition of F Willughby s Ornithology was Ray The 
main work of Ray (20) was Synopsis Mcthodica Animahum, 
Quadrupedum et Seipentim generis, etc (1693) This publica- 
tion contains many references to Indian animals and pro- 
vided Linnaeus with a great deal of the material for the preparation 
of his Systema Natwae (17) To judge Ray’s work as a systema- 
tist by the modern standards would bo hardly fair ; though it can 
not be compared to the later and well-known system of Linnaeus, 
there can be no question that Ray’s work marked an extraordinary 
advance, and he was, m comparison with his predecessors, very 
precise in realising differences between genera and species 
Several of his larger groups are natural, in the best sense of the 
word, but a number of his sub-divisions, as for example, 
those suggested for the mammals based on claws and nails, are 
highly artificial 

A passing reference may also be included here to the Histoua 
Natwahs (12) of John Johnstone (1603-1675) and Amoenitatum 
exoticarum, etc (13) of Engelbert Kaempfer (1651-1716) in which 
Indian and exotic animals are treated at some length 

Another worker of this time of very great importance from the 
historical standpoint was Albert Seba (1665-1716) He was 
a wealthy Dutchman who assembled a very extensive collection of 
natural history objects His private museum was later purchased 
by Peter the Great of Russia, and removed to St Petersburg His 
work, generally cited as the Thesaurus (25) which consists of four 
elephant folio volumes, was m part, published after his death. 



Some Pre-Lmnaeah Writers on Indian Zoology 


75 


The Thesaurus was printed in two editions — a Latin-Dutch and a 
Latm-French edition — and a re-issue of Guerin’s rare edition of this 
work was later published under Cuvier’s supervision In this 
edition to which several noted Zoologists, such as Boerhave, 
Artedi, Mausset, etc , contributed, the plates of the original edition 
were reproduced Seba’s work, though full of mistakes and 
fanciful ideas about the classification of animals, is a mine of in- 
formation, and supplied Linnaeus with a great deal of material foi 
his monumental work on the systematic arrangement of animals 
It may be remarked here that this work contains descriptive 
accounts and fairly recognisable figures of a large number of Indian 
and Ceylonese animals. 

In the following paragraphs 1 propose considering together 
several authors who, though chronologically belonging to different 
periods, specialised m Conchology, and whose works are 
of special importance in connection with our studies of Indian 
molluscs. 

Martin Lister ( Ca 1638-1712) was an English naturalist and 
a physician born at Radchfe, near Buckingham He was educated 
at Cambridge and was elected a Fellow of the Royal Society of 
London m 1671 He contributed numerous articles on natural 
history, medicine, etc to the Philosophical Transactions of the 
Royal Society, London, but the works (15, 16) with which we are 
concerned here are Histouae sWe Synopsis methodicae Conchy - 
liorum, etc (1685-97) and Conchylioium bwalvium (1696). 
Lister was the first conchologist of decided eminence, and 
his anatomical works show how clearly he realized that a know- 
ledge of the structure of the animals was the only sure foundation 
on which to base the classification of these forms He carefully 
studied “the habits, instincts, and peculiarities of snail and shell, 
and was at the same time zealous to acquire an extensive 
and accurate knowledge of species ’’ His Histonae, as published, 
consists mainly of illustrations of the shells, but his plan, which, 
owing to ill health, was not fulfilled, was to describe the anatomy 
of every family or genus and thus complete his account of the 
mollusca. 

10 
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Filippo Buonanm (1638-1725) was an Italian Jesuit, “with 
attainments and natural talents which, though respectable, certainly 
do not raise him above the level of the age ’’ Buonanni’s work 
Reaeatio mentis et ocuh, etc (6) published m 1861, “was pro- 
bably intended as a book of luxury exhibiting in plates whatever 
amongst shells might please the eye or refocate the unoccupied 
mind,” He described or figured almost 600 species of shells, 
but his anatomical knowledge was even inferior to that of Aristotle 

Geoige Eberhard Rumpf (1627-1702) was a talented trader 
and Dutch officer at Amboma. He studied the natural history 
of Amboina and the Moluccas with great care, and his 
D’ Amboinsche Rariteitk.amer (1705) is a very valuable work 
■of reference (23) He has rightly been termed as “Plimus 
Indicus” and his work is of importance not only as record of the 
very large number of new species from the area, with descriptions 
and illustrations which enable workers to recognize these forms 
with tolerable surety, but his systematic classification of the 
molluscs is a distinct advance on the works of Lister, Buonnam, 
and other workers 

Niccolo Gualtien (1688-1747) was a Florentine doctor and a 
lecturer at Pisa His Index Testatum Conchyhoium, etc (1742) 
is a work J 1 0) of exceptional importance The descriptions of the 
shells aie fairly accurate and the illustrations are carefully executed. 
His classification also is more rational, and in general this work 
may be described as superior to any published to date 

The work of Dezallier D’Argenville (1680-1765) which 
appeared m several editions, the final of which (7) is generally 
styled as La Conchy hologie (1780), is not of any special interest, 
but a reference is necessary to the beautifully executed Auslesne 
Schnecken, etc (1758) published by the Danish author, Franz 
Michael Regenfuss (21). In this work the descriptions are printed 
in .German and French m parallel columns and the coloured illus- 
trations deserve special commendation 
. The above review brings ua to the time when Sy sterna Naturae 
(17) ±he great systematic work of Linnaeus, which is accepted as 
the starting point for all taxonomic work, appeared In this work 



Some Pre-Linnaean Writers on Indian Zoology 


75 


“Nature’s three kingdoms are presented divided into classes, 
orders, genera and species,” and adopting Ray’s theory Linnaeus 
enumerated “as many species as have been created from the very 
beginning, the individual creatures are reproduced from eggs, and 
each egg produces a progeny m all respects like the parents 
Linnaeus spent his whole life working out the above-mentioned 
natural system of classification and his greatest service to Science 
was the evolving of a binary nomenclature for the different species 
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Magnetism and Chemistry 

By S S Bhatnagar (Lahore) 


The influence of electricity on chemical reactions and 
the reverse process, namely the manifestation of energy m the 
form of electricity during chemical change, gave birth to the 
important science of Electrochemistry Thermochemistry owes its 
origin similarly to the discovery of the influence of temperature on 
chemical reactions and to the phenomena of the production 
or abstraction of heat during these processes 

It is only during recent years that investigations have been 
carried out which definitely establish 1 that magnetism also 
can influence chemical change and that substances like the magnetic 
oxide of iron and manganese arsenite exhibiting distinct magnetism 
can be actually made m the laboratory Although Faraday and 
Curie early established the Pan-magnetism of matter, it is only 
after the great discovery of the electronic structure of matter that 
the magnetic properties could be successfully correlated with 
atomic and molecular structures The word magneto-chemistry 
is, therefore, not so familiar as electro-, thermo- or photo- 
chemistry although Wedekind published a book bearing the name 
“Magneto-chemie” long time ago 

From a persual of the behaviour of elements in the periodic 
table it is evident that the magnetic property of the element does 
not increase with the atomic weight, but varies periodically with it 2 
According to the electronic constitution of matter, the atoms 
consist of positive nuclei and electrons revolving round them 
These revolving electrons may be considered equivalent to a circuit 
carrying an electric current and they would thus exert magnetic 
force m the neighbourhood Thus the magnetism of molecules 
and atoms is explained by the revolving electrons, the radius of 
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the orbits as well as the plane of the orbits The first theory which 
satisfied the quantitative requirements with success was due to 
Langevm 3 Various modifications and extensions of it on quantum 
theory and wave mechanics have been described by Honda, 1 
Weiss, 5 Pauling, 5 Van Vleck, 7 Hartree 6 and Slater 0 The import- 
ant results may be summarised as follows — 

Diamagnetics — 

(a) The elements m the zero group are all diamagnetic. 

(b) The diamagnetic susceptibility has a tendency to increase 
with atomic number This is particularly evident from the values 
for chlorine, bromine, iodine, sulphur, selenium, tellurium, 
zinc, cadmium, mercury, copper, silver and gold, the only 
anomalous series being the P - Bi series, where the experimental 
values are known to be influenced by impurities. 

(c) The values of diamagnetic susceptibilities for Bi and Sb 
are abnormally high though they do not fall out of the general 
range 

(d) The case of caesium is of particular interest as it 
is diamagnetic as opposed to lithium, sodium and potassium This 
is perhaps due to the larger number of electrons it possesses, which 
more than overbalance the residual paramagnetism due to 
the valency electrons. 

(e) The diamagnetism is not influenced by temperature, but 
there are a number of elements where this rule does not hold — some 
elements increasing their susceptibilities on heating, others decreas- 
ing This aspect of diamagnetism is being extensively investiga- 
ted and deserves special study The susceptibilities which have 
been discussed above refer to the elemental state of matter and not 
to the atomic state It is possible that in the building up of the 
element m mass, electronic configurations consist of paramagnetic 
as well as diamagnetic types and that the influence which is observ- 
able in the case of elements is attributable entirely to that part 
which may be paramagnetic m configuration 

The influence of temperature m the case of diamagnetic 
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molecules and compounds is also important for similar reasons and 
will be referred to more fully later on. 

An important outcome of the investigations on the magnetic 
properties of the elements was the discoveiy of the fact that the 
values of magnetic susceptibilities are different in different allotropic 
forms This line of work has acquired special importance as a 
result of revival m interest in the magnecrystallisation effect first 
described by Faraday in 1845 Some of the results obtained are 
shown in the table below 


Element 


Author 

Sulphur 



Rhombic 

0 487 x 10~° 

Bhatnagar and Mathur 

Monoclimc 

0 462 x 10 _G 

Do 

Colloidal 

0510x10- G 

Owen 

Plastic 

0 4 (approx) x 10" 

° Bhatnagar and Mathur 

Phosphorus 
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Yellow 

0 84 x 10-° 

Curie 

Red 

0 66 xl0“° 

Do. 

Tin 



Grey- 
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i 

o 

X 

uo 

CO 
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Honda 

White 

+ 0 025 x10-° 

Honda and Owen 

Carbon 



Graphite 

3 5 x10- c 

Owen 

Diamond 

0 49 xIO- 6 

Honda and Owen 

Lamp Black 

0 36-0 53 x10-° 

Paramasivan 

Gas Carbon 

2 0 x10-° 

Honda 

Oxygen 



o„ 

104 7 x10-° 

Curie 

O, 






P aramagnetics — 




-- - The following general conclusions have been arrived at from 
a study of the paramagnetic elements in the periodic table — _ 
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1 . The alkali metals with the exception of caesium are all 
paramagnetic 

2 Excepting in a few cases the value of the susceptibility 
decreases with temperature and a modified Curie law is obeyed 

3 Platinum, neodymium, cerium, praseodymium groups 
follow also the modified Curie law 

Feriomagnetics — 

Although the ferromagnetics constitute an important class of 
metals, this property is restricted only to a class of ele- 
ments m the 8tK group of the periodic table It is also noted 
that at a critical temperature varying with the element under 
examination, the ferromagnetism lapses into paramagnetism and 
the susceptibility varies with the field strength Much interest is 
attached to this property particularly when one notices that small 
impurities profoundly alter the character of the ferromagnetic 
material, particularly with respect to retentivity and hardness, 
and there is a lot of material for the future investigator m this 
branch of magneto-chemistry 

Magnetism and Valency — 

(a) Case of odd molecules G N Lewis 10 considers the 
pairing of electrons, which is certainly one of the most important 
factors m chemical combination, as nothing but some sort of 
conjugation of two elementary magnets of such character as 
to eliminate naturally their magnetic moment The highest degree 
of unsaturation, according to him, is represented by an odd 
molecule Thus the odd molecule would enter into chemical com- 
bination most readily It is in this connection that the possibility 
of magnetism being one of the factors in valency seems to suggest 
itself It is significant that the number of odd molecules is com- 
paratively much smaller than those of even numbers As 
the tendency of electrons is to occur in symmetrical groups or m 
pairs, it is difficult to obtain many substances of odd molecular 
number It is interesting to note that almost all odd molecules are 
paramagnetic. 
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CuO (odd) 

+ 1 35 

Cu 2 0 (even) 

-034 

CuCl 2 (odd) 

+ 877 

CuCl (even) 

-041 

CuBr 2 (odd) 

+ 271 

CuBr (even) 

-034 

Bi 0 2 (odd) 

+ 1 55 

Bi 2 0 3 (even). 

-0 26 


The recent accurate work of Sone 11 also shows clearly that 
while N,, N 2 0, N 2 0 3 , N 2 0 4 liquid and N 2 O s solid are all 
diamagentic, the two odd molecules NO, and NO in the family are 
paramagnetic. 

(b) Case of simple ions As far as the mono-atomic ions are 
concerned, the relation of their magnetic properties to electronic 
structure is at least qualitatively clear All ions which are com- 
posed of complete electronic groups for example K+ 8 , Ca+*, 
Ff 0 , I 5 V Cl^ having inert gas • configurations and Cu+ + 
Zn + ^ , Cd + + with Effective Atomic Number eight units less than 
the nearest inert gas configuration are diamagnetic Paramag- 
netism is only found among the 10 ns of the transitional elements 
in the wider sense and the rare earth' metals and their 10 ns all 
contain incomplete electronic groups For the rare earth metals 
from lanthanum (atomic number 57) to luticmum (atomic number 
71) and for the element of the first long period from scandium 
(atomic number 21) to copper (atomic number 29) this conclusion 
is completely established 

The 10 ns of the intervening elements in which the fourth 
quantum group contains more than 18 and less than 32 electrons 
are paramagnetic These results have been derived from experi- 
mental work on the magnetic properties of solutions of these salts 
m various solvents and the solid salts themselves From these 
results it is clear that the magnetic moment of the 10 ns primarily 
depends upon the number of electrons and not on the nuclear 
charge and that the Bohr magneton exists as a fundamental physi- 
cal unit The structure of the 10 ns of the transition elements 

1>1 
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presents peculiarities and the magnetic theory has to be suitably 
modified to account for their behaviour, perhaps m these cases there 
is an equilibrium between two forms of ions. 

The rare earth metals constitute a group of fundamental 
importance from the magneto-chemical standpoint The immense 
difficulties involved m their purification make the task of experi- 
mentation rather tedious The mean values obtained by Cabrera 1 ' 
and Stefan Mayer 11 have established the relationship that the 
magnetic moments are zero for ions with 54 (La -1 J u , Ce +T+ ) 
and 68 (Lu + + + , Hf + + J ' ' r ) electrons These ions have the 
complete fouith quantum group of 1 8 and 32 electrons and they 
are capable of forming inert gas configurations Between the 
Effective Atomic Number 54 and 68 we have the ions in which the 
grouplets of 6 x 4 43 and 8 x 4 U are being built up 

(c) Case of Weiner’s Co-oi dmation Compounds and Complex 
Molecules — Following the concepts of Sidgwick, Welo and 
Baudisch 11 have given the lead in elucidating the magnetic 
properties of the co-ordination compounds They have brought 
into prominence the fact that the complex compounds, whose 
Effective Atomic Number is equal to that of the next higher inert 
gas, exhibit diamagnetism as they form closed configurationns like 
that of the latter They also showed that complex com- 
pounds, whose Effective Atomic Number falls short of or increases 
the inert gas configuration, exhibit paramagnetism L C 
Jackson 15 disagrees with this rule 

D M Bose 10 of Calcutta has gone a step forward and assumes 
that the magnetic moment of complex salts expressed m terms of 
Bohr’s magnetons are mostly proportional to the difference between 
their Effective Atomic and the atomic number of the next higher 
inert gas Bose has further shown that Z' = N — E + 2p, where 
N = atomic number of the co-ordinating atom, E = its primary 
valenc}' m the given compound and p = 4, 6 etc according as the 
compound is four-fold, six-fold, etc For example m the ferrous 
compound K x [Fe (CN) 0 ] 3H 2 0, Z = 26-2 +2 x 6 = 36, while m 
the case of he four-fold compounds of copper Cu (NH 3 ) 4 (N0 3 ) 2 , 
Z = 29 — 2 + 2x4 = 35 The first one is therefore diamagnetic 
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and the second paramagnetic Bose has further improved his rule 
by taking into consideration the distribution of electrons among 
the M 32 and sub-group in the elements and ions of the transi- 
tion group and according to his latest views on the subject, 
M 33 4 - N n — M 32 = n, where M 31 , N u etc represent the numbei 
of electrons m the sub-group and n = number of Bohr’s magne- 
tons 

Cabrera 1 ' has put forward a scheme m which the fundamental 
principles of the tendency of external electrons to ape the 
next higher inert gas structure has been entirely ignored. Cabrera 
has made use of the scheme put forwaid by Fowler, who proposed 
that electrons outside the K and L levels of a six-fold co-ordmatmg 
atom have a tendency to be distributed in the groups 8 + 6 + 12 
The first 8 electrons are those occupying the M n , M„, and M 22 sub- 
groups of the atom, the next 6 tend to collect into the M„ sub- 
group and remaining 12 electrons are shared by the central atom 
and the group surrounding it Cabrera’s scheme, briefly speaking, 
implies that paramagnetism in complex ions develops when any 
sub-group m the mam quantum groups of the central atom does not 
contain its full quota of electrons Consequently a completed or 
vacant sub-group develops diamagnetic property 

P. Ray 18 has recently examined in a very thorough manner 
the physical and chemical properties of the complex compounds 
and he has divided these compounds into two mam classes, which 
he calls strong or perfect and weak or imperfect complexes It is 
to the first of these compounds that the scheme of electron distribu- 
tion by Sidgwick is applicable Ray assuming with Ladenburg 
that it is only the mcompleted groups that contribute to the magnetic 
moment has drawn up a scheme of electron distribution in case 
of simple compounds He further assumes that an odd electron 
in the M„ sub-group is very mobile, especially at the commence- 
ment of the formation of the groups, and readily acts as a valency 
electron, whereas every two electrons tend to produce a more or 
less stable complexity, the stability of a group on the whole increas- 
ing with the number of electrons in it. The problem is by no 
means closed and the results of further investigations are awaited 
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with interest A new avenue of research has been opened which 
has immense possibilities 

Chemical Constitution and Magnetic Pi ope) ties , — 

Investigations under this head can be placed under three dis- 
tinct classes — 

(a) Chemical constitution in relation to Pascal’s work u ' 

(b) Chemical constitution as evidenced by the magnetic 

optical rotation method after the manner of W H 

Perkm and others 2n 

(c) Chemical constitution as revealed by the magnetic 

birefringence method 

As regards (a) it is well-known that Pascal measured 
the susceptibilities of a great many organic compounds. He estab- 
lished the important point that diamagnetic atoms combine to give 
diamagnetic molecules and that to a first approximation the 
diamagnetic properties are additive Paramagnetic atoms frequently 
lose their paramagnetic character on combination and ferromagnetics 
with the exception of manganese generally form non-ferromagnetic 
compounds With the methods of measurements available 
to Pascal, the conclusions arrived at could not be excelled It has 
however been shown by the author and his collaborators by the aid 
of their magnetic interference balance that Pascal’s results hold 
only to a first approximation and that diamagnetism is susceptible 
to constitutive effects and that even such cases as geometric 
isomers, polymers and position isomers exhibit real difference m 
their values of susceptibilities Crystal structure also has influence 
on magnetic susceptibility 

Regarding (b) the extensive work of W H Perkm, which is 
so well-known, fully established the usefulness of the Faraday 
effect as a weapon for yielding conclusive evidence on constitu- 
tional matters m organic chemistry 

(c) In 1907 Cotton and Mouton 21 found that when light 
traverses a pure liquid placed in a strong magnetic field in a direc- 
tion transverse to the lines of force as against parallel, the liquid 
exhibits a feeble birefringence This effect was noticed previously 
by Majorana 22 m the case of colloidal iron oxide Cotton and 
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Mouton first saw the phenomena most conspicuously m nitro- 
benzene In Cotton’s laboratory and m the laboratories of Sir C V 
Raman 23 , this effect has been very carefully investigated and it has 
now been established that all isotropic substances possess this 
property In the laboratory of the author this property is also being 
investigated and it has been shown that liquid crystals like p-azoxy- 
amsole show double refraction even greater than nitrobenzene 
This property promises an interesting field of enquiry m magneto- 
chemistry Particularly remarkable is the magnitude of the effect 
m aromatic and aliphatic compounds As a rule this effect is more 
prominent in the aromatic compounds as opposed to the aliphatic 
compounds. It is significant that the influence of temperature on 
diamagnetism is also more pronounced m the case of aromatic 
compounds as compared to the aliphatic ones Also for com- 
pounds having the same composition, it is significant to note that 
the aromatic compounds have a much greater tendency to form 
crystals than the alphatic ones and it appears that this aspect of 
magneto-chemistry will throw much light on the magne-crystallme 
effect and the velocity of crystallisation and nucleus formation. 
Magnetism and Chemical Reactions — 

It will not be out of place to give a small space here to the 
influence of magnetism on chemical reactions As early as 
1881 Ramsen 21 observed that magnetism had a remarkable action 
on the deposition of copper from solution of its salts on an iron 
plate. In 1886 Nichols 2 - further investigated the action of acids 
on iron m a magnetic field In 1887 H A Rowland and Louis 
Bell read a paper at the Manchester Meeting of the British Associa- 
tion on the protection of iron from the chemical action of hydro- 
chloric acid in a magnetic field Loeb, 20 and later Wolff 2 ' obtained 
negative results on the influence of magnetic field on the oxidation 
and reduction of iron salts, while Jahr 2R observed that a photo- 
graphic plate immersed m a developer or even m distilled water is 
effected when brought near the pole of the electromagnet 
Theoretical reasons for a positive effect have been advanced by 
Alexander de Hemptemne 20 and Weigle™ as well as Sir J J 
Thomson. 
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In the laboratories of the author, Mathur and Kapur 11 have 
shown that the results of chemical action m magnetic fields can 
be expressed symbolically as follows — 

;£XMy>2, XMj the rate of reaction is accelerated by 

the field ( 1 ) 

and when 

2 xm y< X the rate of reaction is retarded by 

the field. (2) 

while with 

2 'XMy = ^xji 1 no change within and without the 

field . . (3) 

where X XMy = the sum of the molecular susceptibilities 

of the final products, 

and ^XMj=sum of the molecular susceptibilities of 

the initial substances 

In all the experiments considered so far, the case of reduction 
of ferric chloride with aluminium stands out as an apparent excep- 
tion, for m this case AlCl n is diamagnetic, and as in the case of 
zinc the reaction is expected to be retarded Contrary to this, how- 
ever, the reaction is accelerated We can, however, say that m 
the cases where the metal itself is paramagnetic the reaction is 
accelerated, for both Fe and A1 are paramagnetic Zn is diamag- 
netic and the reaction is therefore retarded 

The results obtained above are certainly partly due to the 
mechanical concentration of the paramagnetic products of the 
reaction and a critical survey of the whole problem presents many 
points of interest 

Besides the mam problems outlined above, problems connec- 
ted with the nature of magnetic carriers m elements and compounds, 
the effect of crystalline structure on magnetic properties, the 
magnetic changes produced when matter converts itself from one 
phase into the other, the influence of colloidahsation and impurities 
on magnetism constitute problems of intrinsic interest and 
importance for the chemist The time-lag in the Faraday effect 
in the hands of Beams, Allison and Murphy 12 promises to become 
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a powerful weapon for chemical analysis and for the detection of 
isotopes It is clear that the field of magneto- chemistry is still 
in its infancy and that the youthful adventurer in this field will 
find it full of interesting and fundamentally important problems, 
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I regret very much that, as I am just on the point of leaving 
for Canada, I am not able to contribute a suitable article 
for inclusion in the volume 

I was amongst the earliest batch of pupils of Professor Ray at 
the Calcutta Presidency College, and remember his stimulating 
teaching with much gratitude Sir P C Ray has done wonderful 
work for India, and has been unequalled in the success which he 
has attained m gathering round him a remarkable band of enthu- 
siastic workers m scientific research May we have many others 
to follow his example in this respect ! 


A C Chalterji 



A Human Personality 

Bi M 0 Foi’ster (Bangalore) 




As an old friend and admirer of Acharyya Ray, my feelings 
m contributing to a commemoration volume on his completion of 
seventy years are not entirely joyous ; because they carry me back 
to a date more than twenty-five years ago when, on the occasion of 
a periodical visit to England, his physical presence first precipitated 
itself in my laboratory and sexagenarians, m common I suspect 
with septuagenarians, cannot contemplate without a pang the 
dissolution of so long a cycle 

Naturally his name was already well known to me, and was 
indeed easily the foremost among his chemical compatriots of which 
I was aware The fact that he now stands at the head of an 
abundant national concourse, preponderatingly his own chemical 
progeny, is largely due to his genius and enthusiasm it is one of 
the principal reasons for this pleasant conspiracy among his friends 
to unite m doing him honour to-day 

At the time I now recall, his noteworthy researches in the field 
of nitrogen chemistry were the material introduction ; but a more 
personal bond was our mutual association with Dr. Edward Divers, 
an eminently delightful character among the major planets m the 
chemical galaxy of that period Dr Divers had retired m 1899 
from twenty-six years’ distinguished service to the University of 
Tokyo and, from this oriental affiliation conjoined with his own 
skill m the chemistry of inorganic nitrogen derivatives, had assisted 
Acharyya Ray m arranging some of his earlier contributions to the 
Chemical Society’s Transactions. Outstanding among these m its 
quality of picturesque surprise was the announcement that 
ammonium nitrite could be sublimed, and that the preliminary 
vaporisation occurs without dissociation . similarly the benzyl- 
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ammonium and dibenzylammomum nitrites were also produced in 
the form of sublimate 

Thereafter, until my coming to this country in 1922, meetings 
with Acharyya Ray were rare , but happily since then we have 
been thrown into close association by a joint interest in the Indian 
Institute of Science, Bangalore, which he has faithfully visited 
three times a year since 1926, when first elected to the Council as 
a representative of the Court It has thus become my good 
fortune to recognise and esteem the sterling merits for which he is 
justly venerated among his countrymen, and to perceive the 
qualities of mind and character by which he has endeared himself 
to all those in whom the pursuit of chemistry has been 
their dominating life-mterest 

Other admirers, with more intimate knowledge of the circum- 
stances, will pay well deserved tribute to Acharyya Ray as a practi- 
cal benefactor, whose activities m this region have been fulfilled 
by an austerity of self-denial that few can imitate Others will 
dwell on his auspicious achievements in chemical manufacture and 
m hteratuie For my part, I commemorate him as an ardent 
investigator, an alert-minded spectator of life to whom every branch 
of mankind’s activity presents interesting features, a disputant and 
thinker of sturdy independence and sub-acid humour * but above 
all, as a very lovable and sympathetic human personality. 
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Gobioid Fishes of Torrential Streams 1- 

Bi Sundor Lai Hora (Calcuttn) 

(Plate' I) 

In a paper (Hora, 1930) on the ‘Ecology, Bionomics and 
Evolution of the Torrential Fauna’ evidence was adduced to show 
that this fauna has colonized the torrents by means of a step-by-step 
migration from lower levels, and that in response to the necessities 
of the new enviroment it has undergone certain structural modi- 
fications, which are undoubtedly of the nature of adaptations It 
was also indicated that when animals favourably equipped struc- 
turally or physiologically enter a new habitat, they become adapted 
more readily to fresh conditions of existence than those that have 
to undergo considerable modifications m response to new environ- 
mental factors. The present study of the Gobioid fishes of the 
torrential streams of small oceanic islands lends further support 
to these views 

It is well known that the freshwater fish fauna of the islands 
between the greater Sunda Islands and New Guinea as well as of 
the Andaman Islands is chiefly constituted of marine fishes, which 
took possession of the available fresh water as invaders from the 
sea (de Beaufort, 1913, Annandale and Hora, 1923) Of these 
invaders the Gobioid fishes are of special importance, not only 
because they constitute a majority of the fish fauna, but also on 
account of the remarkable physiological adaptability and struc- 
tural modifications undergone by some of the members of this 
group. 

The Gobies form a large and varied sub-order of fishes, mostly 
of small size and of carnivorous habits , they are bottom dwelling, 
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Coastal fishes of tropical and temperate seas, and are found mainly 
among rocks between tide marks There are several species that 
enter rivers, and quite a number of them are restricted to fresh 
water, especially in the Indo- Australian region. In Indian waters, 
Glossogobius giuris (Ham. Buch ) exhibits a remarkable physio- 
logical adaptability as it is found in the seas as well as in rivers, 
ponds and ditches 

The Gobioid fishes can be divided into two groups according 
to the nature of the pelvic fins, which are situated in the thoracic 
region The first group comprises those species in which 
the pelvic fins are united to form a rather deep, cup-like sucker, 
while in the second group the pelvic fins are separate The sucker 
enables the fishes to anchor themselves to rocks in tidal zones, 
whereas the pelvic fins of the second group are used, almost like a 
pair of hands, for clinging to rocks It is thus seen that all the 
Gobies are partially adapted for entering small torrential streams 
where adhesion to rocks m swift currents is one of the mam needs 
of existence. Further, it is obvious that Gobies with a ventral 
sucker are more capable of colonizing swift currents than those of 
the second group In this communication I shall deal with the 
fishes of the two types separately. 

In dealing with the freshwater fishes of the Andaman Islands 
Annandale and the present writer (1923) referred to the habits of 
Sicyopterus gaua Hora which are closely similar to those of the 
familiar torrent-m habiting fishes of the genus Gaua (Hora, 1921) 
This fish lives m rapid-iunmng waters wheie it clings to rocks by 
means of a ventral sucker and feeds by scraping organic matter, 
mainly minute algae and small insect larvae, from the surface of 
rocks to which it adheres The sucker formed by the pelvic fins 
(pi 1 , fig 5) instead of being m the form of a loose, deep cup, is 
flat and muscular with a strong transverse band of skm binding 
the two fins and acting as the rim of the sucker anteriorly. The 
central part of the sucker is united to the body and the margin forms 
a loose fringe By the raising of the central part the entire struc- 
ture is capable of being converted into a strong and powerful sucker 
The adhesion is further assisted by the pectoral fins, some of the 
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inner rays of which are provided with adhesive pads of 'skin -on 
the ventral surface enabling them to be closely applied to the sub- 
stratum. - - - 

In Sicyopteius gaua (pi. 1 M fig 4) the mouth is situated on 
the ventral surface and is bordered by the fringed and pendant 
lips. The strong end-sharp horny pads on the lower jaw assisted 
by the prominent canine teeth help m scraping off algae and other 
encrusted food particles from the rocks, while the lips by acting 
as a screen against swift current help the fish m feeding by prevent- 
ing the escape of food pai tides 

In general facies the fish is subcylmdncal and well adapted to 
offer less resistance to the current and to hide m crevices among 
rocks and stones The ventral surface is slightly flattened, and m 
front of the anal opening the scales are somewhat reduced thereby 
enabling the ventral surface to be closely applied to the 
substratum 

In most of the Gobies there is a simple natatory bladder, but 
m Sicyopterus miaurus Blkr , of which I have dissected a speci- 
men, the air-bladder is absent The absence or reduction of the 
air-bladder m Sicyopteius, as in the case of other hill-stream fishes, 
appears to be due to the ground habit of life adopted by these fishes. 

Besides Sicyopteius, of which I have studied a species m its 
natural haunts in the Andamans, there are several genera, such as 
Sicydium, Sicyopus, Miciosicydium, Stiphonodon and Schisma- 
togobius, which are found in the small, torrential streams of the 
oceanic islands of the Indo- Australian Archipelago, and which are 
variously modified m a manner more or less similar to that of 
Sicyoptei us I have examined the available material of these 
genera in the Zoological Museum at Amsterdam 1 The 
abundance and variety of such Gobioid genera m the torrential 
streams is simply amazing, and there can hardly be any doubt that 
they have originated from marine ancestors which invaded the fresh 


1 I have to offer my sincere thanks to Prof L F, de Beaufort for placing this 
valuable material at my disposal and for presenting the duplicates of several interesting 
forms, which are now preserved in the collection of the Zoological Survey of India, 
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waters - Originally adapted for life in the surf line these fishes 
migrated into streams, and by a gradual modification of the organs 
of attachment became adapted for life m stronger and stronger 
currents of the torrents That this must have been the course of 
evolution of these genera is also evident from the fact that ‘ ‘ m the 
case of the Gobies which live in deeper water with little or no 
current, the sucker is but feebly developed and is perhaps more a 
tactile organ than a sucker” (Kyle, 1926, p 270) It is clear from 
the above that the same structure undergoes different modifications 
under diverse conditions of existence, and that the fundamental 
object of a modification is to enhance the utility of the structure to 
the organism concerned m a particular environment 

Most of the freshwater Gobies of the second group belong to 
the genus Eleotns ( sensu lato) The habits of one of these — 
Eleotns ( Ophiocara ) ophiocephalus (Kuhl and v Hass ) found m 
the fresh waters of the Andaman Islands — have been described 
by Annandale and the present writer (1925, p 34) The shape 
of its head and its organs of attachment clearly indicate that this 
fish is not as highly modified for life in swift currents as Sicyop - 
terus garra, and if not observed in its natural haunts might be 
mistaken for a surface fish The most remarkable species, how- 
ever, to be dealt with m this section is Rhiacichthys aspro (C & V ) 
which is greatly modified and highly adapted for life in torrential 
streams It is generally found at fairly high altitudes and is known 
to occur m Java, W Ceram, Celebes, etc. 

In its general facies and build Rhiacichthys aspro (pi 1 
fig 1) resembles very closely the fishes of the genus Garra or the 
Homaloptend fishes The dorsal profile is slightly arched, while 
the ventral surface is flat and horizontal The head is short, 
semicircular and greatly depressed , its ventral surface, as also of 
the body m front of the anal-openmg is smooth and devoid of 
scales The gill-openings are short and extend to the ventral 
Surface only for a short distance The mouth is inferior, small 
and semicircular The anterior lip is thick and covers the jaw, 
which is produced into a shovel-like process with a_sharp and strong 
cutting edge, - There is a deep groove on the dorsal surface behind 
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the tip of the snout , it extends on the ventral surface and is continu- 
ous with the grooves round the corners of the mouth This groove 
probably facilitates respiration when the fish is adhering to rocks 
The peculiar lower jaw no doubt helps in scraping off algae and 
slime from the rocks 

The pectoral fins are broad and fan-shaped and are obliquely 
inserted on the sides of the fish A number of the anterior rays 
are horizontally placed so that when the fish rests on a rock they 
come in close contact with the substratum and help m adhesion 
These rays are provided with adhesive pads of skin on the ventral 
surface The pelvic fins (pi 1 fig 2) are situated on the ventral 
surface, each of these is divided into two portions, an anterior 
with strong rays provided with thick pads of skm and a posterior 
with the ordinary type of rays, which, I presume from an analogy 
with other hill-stream fishes, are used for expelling the leakage 
water from the under side of the fish when it is adhenng to rocks 
and stones (Hora, 1930, p 260) 

The structure of the rays m the pelvic fin (pi 1 fig 3) 
is of special interest The fin is broad and fan-shaped, and on 
a superficial examination appeals to possess a large number of 
rays When it is properly dissected and cleaned, the basal portion 
of the fin shows that it is composed of six rays only The first 
four rays and the anterior portion of the 5th form the adhesive 
portion of the fin, whereas the vibrating portion of the fin 
is composed of the 6th ray and the posterior portion of the 5th 
The first ray is not segmented and is in the form of a short spine 
with a double articular surface , it is probably composed of two 
rays coalesced together throughout their lengths, the line of union 
being still marked The second and the third rays are divided 
into three branches each which appear like simple rays The 
fourth ray is composed of 4 branches, whereas the fifth 
ray possesses a long axis posteriorly from which as many as 15 
short and long branches are given off anteriorly The sixth ray 
is divided into 8 long branches which are disposed in a fan-shaped 
manner and appear like the ordinary fin-rays of a fish Only a 
short proximal portion of the 2nd to the 5th ray is unsegmented, 
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whereas the remaining portion of each is articulated throughout 
In the case of the 6th ray the segmentation extends almost to the 
base of the articular surface 

Attention may here be directed to the structure of the rays m 
the paired fins of the Gastromyzonmae In Gastromyzon and its 
allies there is only one simple ray, the neighbouring rays, although 
appearing superficially simple, are m reality forked , the primary 
branching is retained and each of these is further modified into a 
structure corresponding to a simple ray In the case of 
Rhiacichthys this process is carried several stages further, and the 
resulting modification is remarkable 

In Rhiacichthys the eyes are placed dorso-laterally and the 
air-bladder is absent The first ray of the anal fin is covered with 
thick skm especially along its anterior border When the fish 
lies flat on the substratum the thickened portion of the anal fin 
probably helps m adhesion by coming m contact with the rock 

It is clear from the above that with whatever structures the 
organisms are provided in the beginning they are subjected to 
continuous moulding by their surroundings during their evolution 
Further, it is clear, as has been forcefully advocated by Prof E 
W. MacBride m recent years (1931) that habit plays a great part 
in the evolution of new forms Acquisition of new habits depends 
upon the necessities of the organisms and the opportunities that 
come m their way Moreover, it is supported by abundant 
evidence that a change in the habit of an organism brings about 
special adaptive modifications in its structure It should, however, 
be borne in mind, that the change m habit as well as that m struc- 
ture is a slow and gradual process , the change m habit is the 
cause and the change m structure the effect The phrase ‘change 
m structure’ is of wider significance, for I do not believe that new 
structures arise suddenly and de novo All are evolved, as is 
clear in the case of the Gobioid fishes discussed above, by the 
gradual transformation of, the addition to, or the subtraction from 
something already in existence In fact, we find m every instance 
when subjected to a thorough scrutiny that structural modifications 
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are produced through changes of functions In short, Dohrn’s 
“Theory of the Change of Functions” seems to have a universal 
application 

The structural modifications of the Gobioid fishes referred to 
above are parallel to those found in the Cyprmid, Homalopterid, 
Sisond and other hill-stream fishes found all over the world The 
similarity of habitats has led to a remarkable similarity of adapta- 
tions in organisms of widely different origins The torrential fauna 
thus provides an instance of what Annandale and the present writer 
(1922) have termed ‘Communal Convergence’ on a vast scale. 

The drawings illustrating this paper were made by Mr R. 
Bagcbi under my supervision I have to thank him for his excel- 
lent and faithful delineations of the material given to him 
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EXPLANATION Or PLATE 1 
Rhtactchlhyi a'pro (C &. V ) 

Pig 1 — Lateral viewy 

I'lg 2 — Ventral surface of head and anterior part of body y I* 
1 ig 3 — Vcntrnl fin dissected out and cleaned y 3 


Stetjoptcrus parra Hora 

i ig 4 — Lateral view y 3 (after Annandalc and Horn 1923) 

Pig 5 — Ventral surface of head and anterior part of bod> > 3 (after Annandalc 
and Hora, 1925) 



It has been my privilege to be associated with Sir Prafulla 
Chandra Ray as a member of the Indian Chemical Services Com- 
mittee and also as Secretary of the Indian Science Congress during 
thef year m which he was the President It therefore affords me 
much pleasure to learn that his great services to science are to be 
recognised on the occasion of his 70th birthday 

The departments of chemistry in the various universities and 
university colleges in India are now so actively engaged in chemical 
research that it is difficult to realise the conditions existing when Sir 
Prafulla first commenced his work at the Presidency College, 
Calcutta. Fresh from the Edinburgh laboratories and inspired by 
Crum Brown, he set himself the task not only to advance chemical 
knowledge with his own researches but also to tram his students to 
do the same The number of his students now holding high posi- 
tions is sufficient testimony to his success In the early days he 
received little encouragement from outside and only his indomitable 
courage enabled him to continue his work m an atmosphere, which, 
even 20 years ago, was unfavourable I think that when the history 
of the scientific development of India during the last 40 years comes 
to be written, it will not be Sir Prafulla’ s own contributions to 
science, valuable as they are, which will fill its pages, but rather 
the great scientific renaissance which his example inspired and 
which has resulted m the recognition in India, as elsewhere, of the 
fact that the advancement of knowledge is one of the primary 
functions of a university He would desire no higher tribute 
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The Hindu College 
and the Reforming Young Bengal 

By S K Dc (Dacca) 

The history of the Hindu College embodies the history of 
modern Bengali culture m the second and third quarters of the 
nineteenth century, but it is somewhat extraordinary that of the 
names of all the persons who were instrumental m establishing the 
institution, the name of a foreigner should occupy a prominent 
place But perhaps no foreigner m Bengal has ever pursued so 
remarkable a career as David Hare Himself a man of limited 
education, he is gratefully remembered to-day as one of 
-the founders of English education m Bengal Never directly con- 
nected with teaching, nor openly assuming the role of a reformer, 
he was yet an educator and reformer in the best sense of the terms 
Hare affords the remarkable, and perhaps the solitary, instance m 
Bengal of an individual who without any refinement of education, 
without high intellectual endowments, without place or power or 
wealth, acquired and retained a most important and influential posi- 
tion m the history of modern culture m Bengal, simply by 
a constant and sincere endeavour for unostentatious service 

The other name which is especially associated with that of 
David Hare in the foundation of the Hindu College is that of Raja 
Ram Mohun Roy Ram Mohun Roy incarnates the impulse which 
led thinking Indians to devise and work for English education, 
without an exaggerated faith, however, m the foreign and m the 
external, and without any desire, again, of aggressive antagonism 
against orthodox conventions irrespective of their merits In his 
role as the enlightener of the people, he, .more than any other 
Indian of that day, advocated the necessity of a new departure in 
education , a new departure in which the literature and 



102 


S. K De 


sciences of the West should bring new inspiration and 
lift the minds of his countrymen from the rigidity of 
dead habits and traditional forms In David Hare, on the other 
hand, the scheme found an eager, active and valuable supporter 
who had already endeared himself to the people of the land by his 
large-hearted benevolence and interest in education, and whose 
energy and practical common sense carried the scheme into 
maturity and fruition Hare was neither a Government official nor 
a Christian missionary but he represents the whole-hearted sym- 
pathy which Englishmen of those days felt for their land of adop- 
tion. He helped not only m the establishment of the Hindu College 
but, year after year, he superintended patiently the growth, of the 
institution Contemporary records are full of references to his quaint 
figure, dressed m a long blue coat adorned with large brass buttons, 
moving through the class room or attending the debates of the 
Academic Association, to his old-fashioned palanqueen which was 
a veritable moving dispensary, as well as to his amiable counte- 
nance always beaming at the hovel of the charity boy or at the 
bedside of the fever-stricken student It is m the fitness of things 
that David Hare’s mortal remains, which were denied the rites of 
Christian burial by an impatient orthodoxy, should he to this day 
buried under the monument, erected by a people’s love to his 
memory, on the south side of the tank in the College Square and 
within sight of the College Street 

The facts of David Hare’s life are very few and can be told 
very briefly 1 Son of a watchmaker m London, who had married 
an Aberdeen lady, Hare came out to Calcutta m 1800 at the age 
of twenty-five as a watchmaker, and, after following that pro- 
fession for several years he made over his concern (before 1816) 
to his friend, one Mr Grey, under whose roof he led his bachelor 
life till his death on June 1 , 1 842 at the age of sixty-seven Instead 
of returning to his native country, like the rest of his countrymen, 
with the competence he had acquired, he adopted for his own the 
country of his sojourn, and cheerfully devoted the remainder of 


I A Biographical Sketch of Daoid Hare, by Peary Chand Mittra Calcutta 1877, 
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his life to the one object dear to himself, namely, the spread of 
Western education, for which he spared neither personal trouble, 
nor money, nor influence 

As early as 1815 Hare formed an estimate of the educational 
needs of the country, and determined that there should be English 
schools, vernacular schools, and the supply of good English and 
vernacular books on an extensive scale A man of great energy 
and strong practical sense, he fell in with Ram Mohun Roy’s 
scheme of reform, but urged that the cause of social and 
intellectual reform m this country will be better served by 
establishing a school or college for the instruction of Bengali 
youths 2 Ram Mohun Roy, whose desire for English education of 
Indian youths was no less enthusiastic, agreed to the strength of 
Hare’s position and was able to attract gradually the attention of 
the leading citizens of Calcutta and, among others, that of the 
Chief Justice Sir Edward Hyde East who took a lively interest m 
the matter 3 4 After ascertaining that the leading members of the 
Hindu community in Calcutta were favourable to the proposal, Sir 
Edward mooted the subject m several meetings held at his house 
and came to the conclusion that “an establishment be founded for 
the education of native youths” A large joint committee of 
eight 1 European and twenty Indian gentlemen was appointed to 

2 Peary Chand Mittrn, op cil , p 5, S D Collet, Life and LcIIctb of Raja 
Rammohun Roy, London 1900, pp 21-22 

3 Kissory Chand Mittra tells us that two years after Ins settlement at Calcutta 

(early in 1815), Ram Mohun established at Jus own expense a Tree English School at 
Sirripara, with about 200 boys Ram Mohun Roy s Anglo Hindu School which 
developed out of it did not start on the new premises at Simla near Cornwallis 
Square till 1822 (Collet, op cit , pp 49, 71) His letter to Lord Amherst on English 
education was written in December 11, 1823 But the story of Rom Mohun Roys 
share in the inauguration of the Hindu College is told by Sir Edward Hyde East in his 
letter to J Harrington (dated May 18, 1816), quoted in jBORS, xvi, pt 2, p 155 f' 
The opposition of Hindu orthodoxy to Ram Mohun s active participation m the 
scheme i9 referred to in this letter , 

4 Kissory Chand Mittra ( The Hindu College and its F oundcr, Appendix B to 
Peary Chand Mittra, op cit , p vnf, at p xiv) gives the number as ten The 
first meeting at Sir Edward’s residence was held on May 14, 1816, and more than 
Fifty Hindu residents of Calcutta, including some Pundits, attended the meeting 
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carry the resolution into effect, with Sir Edward as President, J 
H Harrington of the Regulation fame as Vice-President 
and Lieut (afterwards Major) Irvine and Buddinath Mookerjca 
as Secretaries It was subsequently reported that Ram 
Mohun Roy would like to be connected with the project, but 
Hare, who had an accurate understanding of the current 
of public feeling, is said tq have persuaded his friend to keep 
himself aloof from the movement lest Hindu orthodoxy should 
take alarm at his active co-operation 

The Hindu College, or the Mahavidyalaya (or simply the 
Vidyalaya) as it was originally called, was the direct result of this 
movement It was formally opened on Monday, the 20th 
January, 1817 at Gora Chand Bysack’s house on the Upper 
Chitpore Road It was afterwards removed to Roop Churn Roy’s 
house in Chitpore, and then to Fcnnghee Komul Bose’s house 
at Jorasanko The College represents the first effort made by the 
Indians themselves for the education of their children in English 
language and literature The object of the institution, as des- 
cribed m the printed rules published in 1822, was “to instruct the 
sons of the Hindoos in the European and Asiatic languages and 
sciences.’’ It was originally proposed to teach English, Persian, 
Sanskrit and Bengali, but the first place of importance was 
assigned to literary education m English, Sanskrit having been 
discontinued at an early stage and the Persian classes abolished 
in 1841 J The reports of 1827 and 1828 state that “The studies 
m the Institution were Natural and Experimental Philosophy, 
Chemistry, Mathematics, Ty tier’s Elements of General History, 
Russell’s Modern Europe, with Milton and Shakespeare” The 
institution was meant to supply liberal education in English, but 
prominence was given to the study of English language and 
literature, and from 1 826 all lectures were delivered in English 

The institution soon grew m popularity, and m course of time 
claimed superiority over every other institution affording similar 
Instruction The system of demanding fees from scholars was not 


5 Persian was abolished as a Gourt language in 1836 
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at first successful, and the Committee of Management accordingly 
resolved that from January 1, 1819 the College should be a free 
institution But from 1 823 the number of paying scholars 
steadily grew, and at the end of 1825, 1826, 1827 and 1828 it 
rose respectively to 110, 223, 300 and 336 0 

The College was started with a fund of Rs 1,13,179 raised 
by public subscription, and for several years after its establishment 
it was strictly an Indian enterprize and received no aid from 
Government From the printed rules of the College it appears 
that “At- a meeting held on the 11th June, 1816, the European 
members withdrew from an active participation m the manage- 
ment of the College desmng only to be considered as 
private friends to the scheme and as ready to afford their advice 
and assistance when consulted” Accordingly m December 1816 
Gopee Mohun Tagore was elected Governor, and Gopee Mohun 
Deb, Joykissen Singh, Radhamadhub Banerjee and Gunganarain 
Dass were made Directors of the institution, with Buddmath 
Mookerjea as secretary , these also formed the Committee of 
Management, which was elected annually. Hare was nominated 
a Visitor of the College on June 12, 1819, and among the early 
friends of the institution must be mentioned Ram Komul Sen, and 
Raja Radhakant Deb, who succeeded his father Gopee Mohun 
Deb as an active member of the College Committee But the 
financial position of the College was not all that could be desired 
The monthly income' between 1824 and 1833 fluctuated between 
Rs 800 to Rs 3,272, but the greatest financial catastrophe came 

6 In 1819 the total number of scholars was 70 but it increased to 196 in 1826, and 
433, 421, 409 in 1828 29-30 respectively (r \V Thomas, History and Prospects of 
British Education in India, p 27) 

7 In 1824 the monthly receipts of the college amounted to Rs 840 At the end 
of 1826 they came up to Rs 1,115, and two years later to Rs 1,700 In 1830 thei 
total income rose to Rs 3,272, of which Rs 1,500 were raised by fees alone But 
there were vicissitudes, and at the end of 1833 we learn that the receipts had fallen 
off to Rs 800 Since then, with Government aid, there was a gradual increase till the 
sum reached Rs 30,000 The individual tuition fee charged from all classes, 3 umor and 
senior, was at first Rs 5, but it was afterwards raised to Rs 8 in the college department, 
Rs 6 in the senior school and Rs 5 in the )umor school 
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with the failure of J Baretto, in whose firm the subscribed capital 
was deposited, although after a delay of two years the Management 
were fortunate enough to retrieve Rs 21,000 out of the wreck of 
the firm Partly from this loss of its endowments, partly from 
inexperience and partly also from the apathy of its original sup- 
porters, the affairs of the College were in a bad way, and we have 
the contemporary testimony, recorded later on by Alexander Duff, 
that “had it not been for the untiring perseverance of Mr Hare, 
the college would have soon come to an end ’’ In 1823 
the Management m their financial difficulty applied to Govern- 
ment for aid and for providing a suitable building Government 
came generously forwaid to help the institution' 1 but on the under- 
standing that the Committee of Public Instruction would be given 
the right of supervision over the administration of funds supplied by 
Government These conditions" were accepted, and Dr Horace 
Hayman Wilson 10 (1786-1860) was nominated on behalf of 

8 The Government aid m the first instance was to the extent of Rs 300 a month 
In 1827 it was raised to Rs 900, and in 1830 to Rs 1,250 a month In 1829 Government 
made an additional grant of Rs 5,000 for purchas ng boohs for the librar> In 1840 
the contribution of Gorernment amounted to Rs 30 000, and it began from this time 
to take a more active interest in the affairs of the college through the Committee of 
Public Instruction In course of time the interference went further and a collision 
of authority raised the general question of the management of the college In a 
conference held in 1844 of the leading members of the two bodies, the Indian 
members agreed to withdraw their connexion with the college in consideration of Govern 
ment undertaking to enlarge and improve the institution As a consequence the Hindu 
College as such was abolished the junior department continuing in the shape of the 
Hindu School, and the senior department as the Presidency College, of which it formed 
f he nucleus In this way Presidency College as such came into being as the first 
Government College for imparting European education to Indian jouths 

9 There was at first a protest from Radhamadhub Banerjea and Chunder Coomar 
Tagore who were suspicious of Government interference and maintained that the 
institution might be left to its own resources But on an assurance received from the 
Committee of Public Instruction that their supervision would be limited only to the 
funds supplied by Government, their financial assistance was accepted, chiefly through 
the persuasion of David Hare 

10 Wilson, who is chiefly remembered to day as a SansLritist, had a varied career 
as a linguist, historian, educationist, chemist and, numismatist Born in Sept 26, 1786 
and educated at St Thomas s Hospital m London, he came to Calcutta in 1808 in the 
medical service of the E, I Co , but was attached, for his Lnowledge of Chemistry and 
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Government as Visitor to the College He was accordingly 
elected an ex-officio member of the College Committee and be- 
came its Vice-President Hare was made an Honorary member 
of the Committee Through the influence of these two 
men arrangements were at last made for the erection of a building 
to house the College, but it was proposed that the building should 
also accommodate the Calcutta Sanskrit College David Hare 
made a gift of the piece of land he owned on the north side of the 
College Square, where on February 25, 1824 the foundation stone 
of the Hindu College was laid The building was completed and 
occupied by the College on May 1 , 1 826 

From the brief sketch of the cngm of the Hindu College given 
above it is clear that the credit which is usually given to David Hare 
not only for its foundation but also for its continuance is not un- 
justified , but m saying this no injustice is done to those who toiled 
and strove with him loyally m the achievement of the same object 
The idea originated with him, and his eagerness to translate it 
into reality proved a stimulating power m the circle of those who 
knew him and shared his faith and determination Without the 
support of his able coadjutors, not much perhaps would have been 
achieved, but the moral force behind the venture was supplied by 
his indomitable, if unobtrusive, optimism and perseverance He 
allowed himself to be made an honorary member of the Com- 
mittee of Management only at a later stage , but even in an un- 
official capacity he watched over the institution with a parent’s 

Assay, to the Mint at Calcutta, of which he was appointed Assay-master in 1816 
He studied Sanskrit, contributed widely to the learned journals of the day on a variety 
of subjects, and became Secretary to the Asiatic Society of Bengal in 1811-33, with 
short intervals He was also Secretary to the Committee of Public 
Instruction He subsequently became the first Boden Professor of Sanskrit at Oxford 
{1832), Librarian of the India House (1836) F R S (1834) and Director of Royal 
Asiatic Society from 1837 till his death on May 8 1860 His well-known publications 

on Oriental literature are Select Specimens of the Theatre of the Hindus, 2 vols 
(1826 27), Translations of the Meghaduta (1813), the Fisnu Purana (1840), and the 
Rg-Veda (6 vols), a Sansknt-Enghsh Dictionary (1819, new ed 1832), new edition 
and continuation of Mill s History of British India (1844 48) and of Macnaghten s Hindu 
Law a Glossary of Judicial and Revenue Terms of India (1855), and Lectures on the 
Religious and Philosophical Systems of the Hindus (1840) 
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tenderness throughout the experimental stage, and. this feeling did 
noi abate.even after it had struggled to stability and distinction 
It would be unjust to criticise the motive which prompted 
(him to inaugurate this decisive movement towards Western edu- 
cation as an insidious attempt to westernise the East Men like 
Hare and Macaulay sincerely believed that they were going to 
ensure to India “the vast moral and material blessings” arising 
out of the general diffusion of useful knowledge , but it must not 
also be forgotten that the demand had come from the people them- 
.selves before it was thrust upon them Even though these 
pioneers of English education in Bengal made no attempt at con- 
cealing their deep and vital conviction of the material and moral 
superiority of the West and m giving effect to the wide-spread 
belief m the efficacy of “useful knowledge”, yet m introducing 
an alien education they did nothing more than gauge accurately 
the signs of the time and gather into a focus the growing popu- 
lar demand But Hare did more than merely share in this belief 
of the age He had also the conviction that the Indians never 
lacked the elements of greatness and prosperity m their mental 
equipment and material resources of the land, and that all they 
reeded at a critical time of their history was a potent and rational 
stimulus m the shape of the quickening influence of Western know- 
ledge in order to reawaken in them the spirit of enterprise and thirst 
for knowledge which had been for the time being extinguished His 
faith in what he considered to be the proper destiny of the Indian 
people and the remedial virtue of English education found an 
embodiment in the Hindu College and m the schools which were 
brought into being Hare’s life was rich in sympathy and ser- 
vice and in the inspiration which comes from a lofty aim steadily 
pursued, and for these reasons his influence was great- but even 
his influence could not have ensured the ultimate success of the 
movement had not the time been opportune for its appearance 
In March 1826 11 Henry Louis Vivian Derozio, a pupil of 

1 1 See Brajendranath Bandyopadhay, Sambad-patre Seedier Katha, -vo] i, p 28 
Edwards ( Henry Derozio, the Eurasian Poet, Teacher and Journalist, Calcutta 
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David Drummond at the Dhuimtollah Acadamy, wasi appointed 1 2 
teacher of English literaiuie and History m the Second and Third 
Classes of the Hindu College THs appointment, seemingly so 
insignificant, was destined to maik the early development of one 
.of the most important movements in the intellectual history of 
the Young Bengal of this period "When Derozio came to this 
college as a teacher he was a lad of barely seventeen, and his con- 
nexion with it lasted only for five years , but no other, teacher ever 
taught with greatei zeal and with more loving intercourse between 
teacher and pupil, and no other wielded a more amazing influence 
on young minds than this Anglo-Indian boy of extraordinary 
intellectual and moral gifts 

Son of Francis and Sophia Derozio (nee Johnson), H L V. 
Derozio was born on April 18, 1809 15 The house in which he 
was bom stood on the suburban side of the Lower Circular Road, 
a little to the north of St Theresa’s Church 1 ! Although Derozio 
was the second of a family of five children, his father, 
who occupied the position of the Chief Accountant in the Agency 
firm of James Scott and Company, was anxious to give his son the 
best literary education that could then be obtained in Calcutta 
From the early age of six to the age of fourteen Derozio was put in 
the hands of David Drummond (1785-1843) whose Acadamy has 
been characterised as the best in the years before the Hindu 
College This crooked-back but straight-minded native of Fife- 
shire, who had drunk deep of the metaphysics and the muse of 
Scotland and who left his country in 1813 because of his prone- 

1884, p 30) gives the date March 1828, but at p 66 he spcahs of “Hindu College during 
1828, a year after Derozio s appointment ' E \V Madge (Memoir of Derozio, prefixed 
to B B -Shah's ed of Derozio s Poems, vol i, Calcutta 1907) gives the dale November 
1826 Kissory Chand Mittra gives 1827 as the date of Derozio’s appointment All these 
dates appear to be incorrect 

1 2 ' On "Rs 150 a month 

13 E W Madge (op ci t ) and T B Bradley-Birt ( Poems o) Derozio, p iv) givo 
the date as the 18th April, while Edwards (op cit) and other authorities give it as 10th 
April The former date appears to be the correct one 

14 The house is now pulled down and replaced by a modern residence Derozib s 
"mother y/as an Englishwoman, while his father was a Eurasian of Portuguese descent 
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ness to free thinking, watched the precocious and impulsive 
Deiozio with interest, and fed his young intellect and imagination 
with all that was best in the poetry and philosophy of the West 
Derozio became little of the usual classical scholar of the day, for 
his chief delight was in the literature and thought of England as 
embodied m its best thinkers and writers, and he imbibed not a 
little of his master’s inclination towards free thinking On leaving 
school in 1823 he became a clerk in his father’s office, but the 
drudgery of the desk had no fascination for him At the age of 
nearly sixteen he left the office-stool for the vaned work and life of 
an Indigo-planter under the hospitable roof of his uncle Arthur 
Johnson at Bhagalpore„ There, with the ripple of the nver in 
his ear and its music m his heart, the boy -poet began to weave his 
Fa\eer of Jungheeia ,' ' an immature production, no doubt, but his 
most sustained and remarkable effort m poetical composition It 
is not knowm on what date he returned to Calcutta, but he published 
in 1827 his first volume of Poems , ,r dedicating it to Dr. John Grant, 
Editor of the India Gazette, to which he used to send his youth- 
ful poetical contributions under the signature of Jevenis His 
poems show the obvious influence of Byron and Moore, but they 
also indicate considerable poetic feeling, play of fancy and gift 
of expression He is said to have been appointed sub-editor of the 
Gazette, and his literary attainments and fame as a promising young 
writer, who contributed to some of the literary journals of the day, 
obtained for him in March 1826 the appointment of a teacher 
of English literature and History at the Hindu College '* 

15 The Farcer of Junglicera, a Metrical laic and Other Poems bj Henrj Louis 
Vivian Derozio Samuel Smith & Co, Hurharu Librarj Calcutta 1828 Dedicated 
to Horace Hayman Wilson The work is prefaced bj Derozio s well known sonnets 
My country in the day of glory past 

16 Poems by H J Derozio Calcutta Printed for the Author at th* Baptist Missior 
Press, and sold by Messrs S Smith and Co Hurkaru Librarj, 1827 On the title page 
appears a quotation (If the pulse of the patriot, soldier or lover , etc ) from Moore s 
Harp of Erin His best and most representative poems have been collected together 
recently by F Bradley-Birt in his Poems by Henry Derozio (Oxford University Press, 
1923) 

17 For more details about Derozio, see Thomas Edwards, op cit , Peary Chand 
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Of his teaching, eloquent testimonies have been left by his 
pupils and contemporaries, but the effect is best seen m the pro- 
found, abiding, if at first disturbing, influence which he exerted 
over the brilliant young minds of that generation The ground 
covered by English literature and History m the first three classes 
of the Hindu College m 1828 will be clear from the curriculum 
which included, among other things, Goldsmith’s History of 
Greece, Rome and England, Russell’s Modern Europe, Robert- 
son’s Charles V, Gay’s Fables, Pope’s Homer’s Iliad and 
Odyssey, Dry den’s Virgil, Milton’s Paradise Lost and 
Shakespeare’s Tragedies Derozio taught second and third classes, 
but his teaching, like that of all great teachers, was not confined 
to the text-books alone After college hours and m the intervals 
of teaching he was ever ready in conversation to aid his pupils m 
their studies, gave them extra readings from English literature, 
led them through the pages of Locke, Reid, Hume and Dugald 
Stewart, and thus laid bare before their vision a new world of ripe 
thought and daring speculation, a literature and history full of 
high thoughts and noble efforts It was about this time that he is 
said to have written a critique on the philosophy of Kant, a work 
which is now lost, but which elicited from Dr W H Mills, then 
Principal of Bishop’s College and afterwards Canon of Ely, the 
high praise of having been “perfectly original” and having dis- 
played “powers of reasoning and observation which would not 
disgrace even gifted philosophers.” 18 

But it was not in the class room that Derozio’s buoyant spirit, 
his ready humour, his wide culture, his ardent imagination, his 

Mittra, op ci t , F Bradley-Birt, op cit pp l-lix , Oriental Magazine, October 1843 
reproduced in the Bengal Obituary (1851) and in Owen Aratoon s edition of Derozio s 
Poems , T P Manuel, The Poetry of Our Indian Poets, 1861 , W T Webb, Anglo- 
Indian Fierse in India Review, 1883, H A Stark and E W Madge East Indian 
W orthtes, Calcutta 1892 E W Madge, Forgotten Anglo Indian Bards, a Lecture, 
Calcutta 1896, and Henry Derozio, the Eurasian Poet and Reformer, a Lecture at the 
Calcutta YMCA (Dec 1904) 

18 See Bengal Obituary (Calcutta 1851), p 104 DetoziO also delivered A course 
of lectures on The Modern British Poets which was published after his death in the 
Calcutta Literary Gazette of October 13, 1833 
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readiness to 'impart knowledge and free thinking could find ade- 
quate expression In consort with his pupils he established m 
1828 or 1829 a debating club, known as the Academic Associa- 
tion, which met at a garden .house m Maniktollah belonging to 
Snkissen Singh' Here night 1 after night, under the presidency 
of Derozio and with Omachurn Bose as Secretary, the boys of the 
Hindu College read and discussed and debated all topics of 
interest, literary and philosophical, and acquired for themselves 
not only the facility of expression and argument but also 
the habit of thinking freely as seekers aftci truth David Hare, 
m his white jacket and old-fashioned gaiters, was a regular 
visitor at these meetings and became President of the Association 
after Derozio resigned, 1 '' but the occasional presence of dis- 
tinguished visitors like Sir Edward Ryan, Dr Miller and Colonel 
Benson indicates the high level and interest of its lectures and dis- 
cussions Among the members of this Association were Krishna 
Mohun Banerjea, Russic Krishna Mullick, Kashi Prasad Ghose, 
Duckina Runjun Mookerjea, Ramgopaul Ghose, Ramtonoo Lahi- 
ree, Radhanath Sickdar, Madhub Chunder Mullick, Huru Chunder 
Ghose, Gobmda Chunder Bysack, Peary Chand Mittra and 
others, — all of whom became in later times the leading men of 
their generation Under Derozio ’s direction the advanced students 
of the College issued a paper called the Pantheon,' 0 but it was 
soon stopped by Dr H H Wilson, the Visitor of the College. 
Himself a free thinker, though not a sceptic or an atheist on his 
own confession, Derozio impressed upon his pupils the duty of 
thinking freely, but the freedom of thought and action which Jie 
inculcated affected their ancestral faith and culminated not only 
m an open renunciation of Hindu orthodoxy but also m a spirit of 
aggressive heterodoxy 

The Managing Committee of the College naturally took 

19 Peary Chand Mittra, op cit p 64 Tfom a letter of Ramgopaul Ghosh, dated 
Aug 12, 1838 (quoted in R G Sanyal s Bengal Celebrities, vol 1, Calcutta 1889, p 
176)" we leafn that the Academic Association was getting on very miserably after its 
leading spirit was gohe, but it lingered on till March 31, 1839 

20 See Calcutta Review, 1911 (On the Vernacular Press in India), pp 26 27 
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alarm and passed a resolution that Mr D’Anseleme, the Head 
Master, “be requested, m communication, with the teachers, to 
check as far as possible all disquisitions leading to unsettle the 
belief of the boys m the great principles of national religion” 
But the dangerous doctrines of rationalism were producing then 
first disturbing effect, and the rising tide of free enquiry could not 
be stemmed Derozio’s influence extended over a larger area than 
the immediate sphere of personal influence Heedless of the in- 
junction of authorities, young students of Calcutta continued to 
flock as usual to the meetings of the Association, as well as gather 
round Derozio’s hospitable table m the old house at Circular Road 
The authority of the Hindu religion was questioned, its sanctions 
impeached, its doctrines ridiculed, its philosophy despised, its 
ceremonies accounted fooleries, its injunctions openly violated and 
its priesthood defied as an assembly of fools, hypocrites and fana- 
tics In February 1830 further orders were issued by the 

Management, calling upon the teachers, on the pain of dismissal, 
“to abstain from any communication on the subject of the Hindu 
religion with the boys, or to suffer any practices inconsistent 
with the Hindu notions of propriety such as eating and 
drinking m school and class room” The Christian Missionaries 
of Calcutta, m the meantime, headed by Dr Duff, availed them- 
selves of this growing unrest and arranged a series of lectures on 
Christianity at Dr Duff’s house at College Square, nearly opposite 
the Hindu College 21 David Hare, hardly an orthodox Christian, 
was apprehensive of the intentions of the Missionaries, and the 

21 It was arranged that the first lecture on the Internal and External Evidences 
of Christianity was to be delivered by Dr Duff, the second on the Testimony of 
History and Fulfilled Prophecy by John Adam of London Missionary Society, a 
fellow-student of Duffs at St Andrews, the third on Christ and the Four Gospels, 
and the Genius and Temper of His Religion by Rev James Hill, Pastor of the Union 
Chapel Dr Thomas Dealtry (1796-1861), Chaplain of the Old Mission Church (who 
afterwards succeeded Dahiel Corrie as the Archdeacon of Calcutta and then as Bishop 
of Madras in 1850) was to close the series with a statement of the Doctrines of 
Christianity The delivery of the lectures commenced at Dr Duff s house in August 
1830, Mr Hill delivering a preliminary lecture on the Moral Qualifications necessary 
for investigating Truth (See Smith, Life of Alexander Duff, pp 90 f) 
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Management again met and resolved that the students at the cost 
of incurring their displeasure should discontinue the practice of 
“attending societies at winch political" and religious discus- 
sions were held”. There was a temporary calm, and the 
Missionaries discontinued their lectures , but the leaven supplied 
by Derozio’s teaching continued to act In the excess of their 
zeal, however, the impulsive young reformeis sometimes went be- 
yond the conclusions of their master, and wanted to make progress 
by actually “cutting their way”, as one of the newspapers of the 
day quaintly expressed it, “through ham and beef and wading to 
liberalism through tumblers of beer” Orthodox Hindu society 
saw nothing m the innovating spirit of the young collegians but 
an element of danger No less than twenty-five boys were with- 
drawn and about one hundred and sixty were absent or were not 
allowed to attend college by their suspicious guardians. Evil re- 
ports were circulated with regard to Dcrozio’s personal character 
and morals , and the teacher had to pay the penalty of the excess 
of his pupils On April 23, 1831, the Management met again to 
take decisive measures for removing Derozio, who was considered 
to be “the root of all evil”, as well as punish the more advanced 
of his pupils who had publicly displayed their hostility to 
orthodoxy 

Although Hare and Wilson showed their disapproval of the 
step, the chief mover m the matter was, curiously enough, 
Ram Comul Sen (1783-1844), grandfather of Keshub Chunder 
Sen, one of the most ladical reformers of later times From the 
humble position of a compositor m the Hindustani Press of Dr 
Hunter to which he was appointed m 1 804 on eight rupees a month, 
he became in 1818 a clerk under Dr H H Wilson at the Bengal 
Asiatic Society, then its Indian Secretary and member of its Coun- 
cil He gradually worked himself up to a very eminent place in 
the educated society of Calcutta, and was before his death 
m August 2, 1844 associated with eveiy educational and 

philanthropic activity in the metroplis 23 He compiled and pub- 

22 Viz , on the first Reform Bill 

23 Besides being a member of the Managing Committee of the Hindu College, he 
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fished a Bengah-English Dictionary (1825), a Bengali Hito- 
padesa (1820) 24 for the Calcutta School Book Society, and had 
taken an active interest m the spread of European knowledge 
But he was also a firm believer m orthodox traditions and there- 
fore viewed with alarm the consequences of Derozio’s teaching, 
which his hot-headed pupils had carried to conclusions far beyond 
the intentions of their teacher himself The requisition calling the 
meeting of the Committee of Management which was drawn up 
by Ram Comul Sen, is an interesting document, which not only 
exhibits the alarm and distrust of the Hindu Society but bears also 
a hint of the base calummes which were industriously circulated 
against Derozio and which Derozio himself indignantly repudiated 
and challenged his accusers to substantiate 2j 

In the meeting which followed, Wilson and Hare declined to 
vote on a question which concerned Indian feelings alone , but the 
majority condemned Derozio unheard They admitted that they had 
neither the power nor the right to enforce the prohibition of private 
lectures or meetings, but they resolved that it was necessary in the 
existing state of public feebng to dismiss Derozio as a person not 
fit to be entrusted with the education of youths It was also alleged 
in an intemperate spirit that Derozio was am atheist, and that he 
had “materially injured their morals” by encouraging immoral 
practices and by introducing “some strange system, the tendency 
of which was destructive to their moral character and to the peace 
of society.” Derozio sent m his letter of resignation on April 25, 
1831 To H H Wilson he wrote a dignified and spirited reply 
denying the allegations made against him and pointing out the 

was on the first committee of the Calcutta School Book Society in 1818, a member of 
the Council of Education in 1839 and also of the Medical Education Committee He 
was appointed Dewan of the Indian Establishment of the Calcutta Mint in 1831 by Dr 
H H Wilson who was Assaymaster of the Mint, and became a Treasurer of the Bank of 
Bengal m 1832 See Peary Chand Mittra, Biographical Sketch of Ram Komul Sen, 
Calcutta 1880 

24 See my Bengali Literature 1800-1825, p 158 

25 See his letters to Dr Wilson and the Managing Committee of the Hindu College 
in Edwards, op cit pp 77-89, Peary Chand Mittra op cit pp 19-27, Bradley-Birt, 
op cit pp xlu f, Bengal Obituary, pp 104 5, 
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injustice of not allowing him an opportunity of defending himself 
At the close of the same year, on Monday, the 26th December, 211 
m the midst of strenuous work and youthful enthusiasm, he died 
of Cholera, watched m his sick-bed through six weary and painful 
nights and days, by his pupil-friends of the Hindu College 

That Derozio should be called a sceptic or infidel is not sur- 
prising, for these names are often given to persons who dare think 
for themselves , but to make aspersions against Derozio’s personal 
character and to charge him with having inculcated unnatural or 
immoral principles was a mean retaliation on the part of a narrow 
orthodoxy, whose citadel his teachings had shaken to its 
very foundations A vindication of Derozio is hardly necessary 
to-day, 27 and if it is necessary it has been already done by his able 
pupils as well as by his biographer The earnestness and purity 
of his teachings as well as of his life are best seen in the way in 
which they issued m good results such as ever followed in the wake 
of a sincere striving after truth Derozio was destined to terminate 
his short career when others would be likely to commence theirs , 
nevertheless, he lived long enough to acquire a reputation which 
is not likely to perish, as being honourably associated with the 
intellectual and social advancement of his country 

Much has been written on the vagaries of the first students 
of Western literature in Bengal, who believed that the lights were 
before them, while all behind was darkness But it is often for- 


26 And not Saturday, the 23rd December, as Edwards states (p 167) See Bengal 
Obituary, p 106, extract from Samacar Darpan (Jan 9, 1832) m Prabasi, Asadh, 1338 
B S , E W Madge, op ci t p vu Derozio was buried in the Park Street Cemetery 
The Bengal Obituary, loc cit , remarks that his grave was undistinguished among 
the crowded tombs of the burial ground, but adds that the compilers of the work 

have been at some pains to trace the spot m which his remains were deposited and 
found that the grave is at the western extremity of the Old (south) Park Street Burial 
ground, next to the monument of Major Maling, on the south’ The grave remained 
unmarked and unhonoured until a few years ago A memorial stone has now been 
placed at the expense of an ' admiring fellow countryman ’ 

27 It is curious that Smith (Life of Alexander Duff, p 89), m his zeal to glorify 
the achievements of Duff, should speak contemptuously of Derozio as “a Eurasian of 
some genius and much conceit 1 
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gotten that the new learning bred m its recepients a spirit of enquiry 
and experiment, a yearning for quick advance and a desire for 
the enfranchisement of the intellect and the emotion from the 
thraldom of ages, which m their early stages were bound to lead 
to revolutionary excess The impulse to this new life came from 
Derozio, but it would be unfair to hold him responsible for all 
that some of his youthful and impulsive pupils did m their 
impatience of restriction and disregard of traditioti Deroz’o 
himself had not attained years of maturity, and his connexion with 
the College was cut short before his work could be completed 
It cannot be said that he did not perceive the danger, but it would 
be too much to say that he deliberately encouraged any refractory 
spirit What he wanted to do was to leaven the minds of his pupils 
with a new spirit of criticism and enquiry by his own fearless love 
of truth, and to impress upon their sensitive minds all that was 
best m the literature and thought of the West If they became 
pert, pretentious and self-assertive, it was due more to the one- 
sidedness of their education which made them look to the present 
and forget the past 

Indeed, the excess of the reforming zeal of those who came 
out of the Hindu College testified to a radical defect m their system 
of education Behind the creation of the College there was hardly 
any clear creative idea The facile victory of the Anglicists and 
Macaulay’s complacent scheme of Westernisation, as well as the 
impact of new and alien ideas, had m its first stage blinded the 
ardent advocates of the new learning, who had neither the inclina- 
tion nor the capacity for a just appraisement of the virtue 
or necessity of all that was distinctive in the culture and traditions 
of the East The belief was strong that the light of the West 
was all that was needed to set one on the way to progress, but 
it was forgotten that this policy was severing national education 
from the roots of national life There was some sympathy with 
oriental culture, and it was genuine, but instead of aiming at a 
reconciliation of the two cultures, the policy frankly and 
aggressively encouraged Westernisation, of which the Hindu 
College was set up as the nursery. The Sanskrit College and the 
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Madrassa were suffered to exist as institutions which had outlived 
their utility, just to cater for people who had hopeless tastes or to 
promote a certain philosophical or antiquarian purpose. But it 
was never realised at that period, nor even fully realised to-day, 
that the oriental learning and cluture, which was lightly con- 
demned or somehow tolerated, had its roots m national conscious- 
ness and could not be so summarily dismissed Inveterate pre- 
judice, on the one hand, and blind following of a new fashion, on 
the other, stood in the way of a correlation of the two cultures , and 
a complete break with the past and living in the present came to be 
regarded as the only cure for intellectual sterility and moral 
paralysis No doubt, such a stimulus as was furnished by Western 
literature was needed at the moment, and it was right that the 
stimulus was eagerly sought for, but no attempt was made to adapt 
the old learning to changing social and political needs, or the 
new learning to national sentiment and outlook 

The new learning certainly did not send the young collegians 
back to old traditions m order to temper them with the new, but 
m practice it resulted m a weak and hectic adoption of the externals 
of an alien civilisation The freaks and excesses of the Reforming 
Young Bengal became a byeword If Macaulay wanted the Indian 
youth to become “English in taste, m opinions, m morals and m 
intellect, while remaining Indian in blood and colour,” the new 
scheme _of training succeeded in a great measure in bringing about 
this cunous transformation The Young Bengal did not, generally 
speaking, attain that balance of mind which a liberal education 
should bestow, and m the on-rush of the new ideas they had no 
time to pause and look back and revise their partial notions At 
the same time, the moial and intellectual gam was immense The 
uncertain vision of the young collegians often led them into strange 
errors , but they were among the first to protest with courage and 
independence against the moral and intellectual barrenness of the 
time If the new learning gave them a supercilious contempt for 
everything that was old and an unbounded belief in everything that 
was new, it also inspired them with a genuine passion for know- 
ledge, a sense of initiative and forward movement, an impatience 
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with false notions and prejudices, a breadth of outlook and a 
serious spirit of enquiry If a measure of straitlaced rationalism 
still cramped and pressed their minds, the stimulus of rational 
thinking and independent seeking after truth was always there, as 
well as an yearning for deliverance and advance, which convinced 
them of the need of a fresh inspiration and outlook 

All this must be attributed m no small measure to the influence 
of Derozio on the young mmds of this age Addressing his pupils 
he wrote 

Expanding like the petals of young flowers 
I watch the gentle opening of your minds, 

And the sweet loosening of the spell that binds 
Your intellectual energies and powers 
That stretch (like young buds m soft summer hours) 
Their wings to try their strength O, how the winds 
Of circumstance, and freshening April showers 
Of early knowledge, and unnumbered kinds 
Of new perceptions shed their influence , 

And how you worship truth’s omnipotence 1 
What joyance rams upon me, when I see 
Fame in the mirror of futurity, 

Weaving the chaplets you have yet to gam, 

And then 1 feel I have not lived in vain 28 

And indeed he has not lived in vain The readiness and enthu- 
siasm of his literary taste and vigour of thought, the spell of his 
compelling personality, the spontaneity of his youth which placed 
him m close sympathy and affection with his young pupils, his open, 
generous and affable nature, his fearless love of truth and hatred of 
all that was mean and unmanly, his ardent love of India evidenced 
m his conversation as well as by his writings, his social intercourse 
with his pupils and sincere efforts for their welfare — all these traits 
of his character not only won their hearts and their high respect 
but also produced a ferment in the intellectual and moral history 

28 Sonnet io the Students of the Hindu College, published lh the Bengal Annual, 
1831 and reproduced m Edwards op cit 
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of Bengal, which m its deep and far-reaching effects has scarcely 
been paralleled since his time 

The Hindu College in its uncompromising modernity became 
the controlling force of the new movement , and its record thus 
possesses a peculiar interest and importance in the early history 
of Western education m Bengal, its failures and its successes being 
equally instructive Distrusted m its early years both by the 
Missionaries and by the orthodox Hindus as a secular institution 
which was undermining the foundations of belief, the Hindu 
College passed through times of trouble , but it succeeded m arous- 
ing a remarkable ferment of new ideas m the Calcutta of the 
thirties, and helped materially in the upsetting of old ideas But 
neither the influence of an institution nor that of an individual, 
however powerful, would have succeeded in bringing about this 
result, had not the times been fully prepared for it The success 
as well as the failure of the Hindu College and its products was due 
to the logic of events which had already paved the way for the 
-passing of the old order and the rising of the new The overthrow 
of the old political organisation and the break up of the old social 
fabric had brought into existence such a state of intellectual rum 
and moral chaos that a subtle change was coming over the temper 
and outlook of the younger generation, only to be intensified by 
the impetus of new ideas Time-worn customs and irrational pre- 
judices were losing ground, and if with their new training the 
Young Bengal wanted to see the world from a new angle, this 
attitude was prompted, not by a mad spirit of iconoclasm, but by 
their impatience with false notions, absurd practices and conven- 
tional restraints, from which they strove to free themselves even 
at the cost of alienation from deep-rooted national sentiments and 
traditions. 



Sanskrit Treatises on Dhatuvada or Alchemy as 
Translated into Tibetan 

Bi Yidhushekhara Bhattacharya (Saiitimketan) 

In a letter, which is still with me, dated the 30th August, 
1925, from the College of Science, Acarya Prafullachandra Ray 
kindly wrote to me to the effect that he had come to know that 
in Tibet m the Tanjur there were translations of Sanskrit Tantric 
works Accordingly when he was turning over the pages 
of Asiatic Reseaiches, Vol XX, 1839, for two hours one morning 
and was gradually becoming despondent he found almost at the 
end of the volume (pp _ 582, 583) the _ following lines 

(1) “Dnul chu s grub pak b start h cos, a work on preparing 
Quicksilver,” (2) “Gser sgyw gyi bstan bcos, a work on turning 
base metals into gold, (on alchemy) ” He was eager to know 
the contents of these two books and requested me to see if I could 
help him m this matter Unfortunately I could do nothing 
about ~iUso clong, but take the opportunity now of his Seventieth 
Birthday Celebration to make an attempt at giving him the in- 
formation as far as I can 

* The Sanskrit name of the first work mentioned above 
is Rasasiddhisastra (Cordier, III, p 473) But unfortunately the 
Tibetan translation is now lost, merely the name being found m 
the Tibetan catalogue It was by Vyadipada being translated 
into Tibetan by Narendrabhadra of India and _ the Tibetan 
translator (Lo tsha ba) RatnasrI of Oddiyana The Sanskrit' 
title of the second work will be DhatuVadasastra According to 
Csoma de Coros it is included in the Tanjur, Mdo, Kho 
( = CXXII) But, m fact, it is not there In the next volume 
there is a work named iGsei ’gyur gyi bstan bcos bsdus pa 
which, if translated into Sanskrit, would literally read DhatuOada- 

16 
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sasti asangraha But in its colophon we have simply DhatuVada- 
sastia (Gset ’gyur itsi’i bstan bcos), there being nothing of 
- sangiha ( bsdus ) The Sanskrit title of this work as found in the 
Tibetan catalogue is, however, Rasayanasasiroddhxti Here the 
word uddhiti lit ‘drawing out’ ‘extraction’ may have figuratively 
been used in the sense of sang) aha ‘collection ’ But Rasdyana 
is not supported by the Tib version which would read for 
it bcud len It may be noted that occasionally Sanskrit rasa is 
translated, though not appropriately, into Tibetan by gser sgyur 
ba itsi, as m the Cittax atnaVisodhana , 51a (while the CdtaVarana- 
Visodhana 1 would rightly' translate it by dnul chu ‘quicksilver,’ this 
being actually meant here) Yet, there is nothing to account for 
-ayana It seems that Coros has not given the fuller title reading 
simply DhatuOadasasti a ( Gsei sgyur gyi bstan bcos) This work 
is not complete as the colophon itself says yad-upalabdha 
(y snad pa) not adding the word sumpurna (rjogs so) as is the case 
with such Tibetan translations of Sanskrit works According to 
the Tibetan catalogue it appears to form a part of Vyadipada’s 
work mentioned above This DhatuVadasastxa (or DhatuVada- 
sastx asangx aha , or Rasayanasastroddhti) covers only two and a 
half folios of the Xylograph 

Besides these two treatises on alchemy there are two more 
in the Tanjur One of them is in the same volume (Go = CXXIII , 
Cordier, III, p 473) It is entitled SarvesVarax asayana [sartia] 
xogahai asaxu apustaha ( Thams cad hyx dban phyug gi bcud len 
nad thams cad ’joms sin lus hyi stobs xgyas pax byed pa zes bya 
ba) According to its colophon it is, however, named Ratnara- 
sayanasiddhi ( Rm po che bcud len grup pa) It is attributed to 
one Isvara ( Dban phyug) and so it has an adjective, IsVaropadista 
(Dban phyug gis bstan pax) It is a very small treatise It was 
translated into Tibetan by Sivadasa of Haridvara (Hardwar) jointly 
with the Tibetan translator Ratnasii (Rin chen dpal) of Oddiyana 

The last work is DhatuVadopadesa (Gse? ’gyur rtsi’i gdams 


I Both the works in a volume named CillcMituddhiprakarana under the editorship 
oF Prabhubhai Patel are in the press and will be published by the Visvabharatl 
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pa) The Tibetan title, if translated into Sanskrit, would 
literally read SuVarnaparivaitanarasa ‘a fluid that turns (a 
metal) into gold’ This is the common name for alchemy 
m Tibetan texts This Dhatuvada is included in the TantraVitti 
(Rgyud ’grel) section of the Tanjur (Cordier, II, p 240) It is 
attributed to one Naim or Nalina ( Pad ma’i rtsa ba = Padma~ 
mula) 

Of these four treatises, t >iz., (1) Rasasiddhisastra, (2) 
DhatuVadasastra or DhatuVadasasboddhti, (3) SarvesVai ara~ 
sayana, and (4) Dhatuvada, No 1 is, as said before, lost I want 
to reserve the treatment of No 2 for another occasion And of 
the remaining two, Nos 3 and 4 I shall try to give an English 
translation which must be regarded as a tentative one. 

The Xylographs before me of the Scnvesvarai asayana and 
the DhatuVada are of Narthang edition and belong to the Visva- 
bharati Library As regards the Dhatuvada I have examined 
also the copy of the University of Calcutta which is of the same 
edition But none of them is quite satisfactory, there appearing 
a number of illegible, wrong, or defective readings The case is 
almost the same also with the Xylograph of Sawesvaraiasayana 
The other difficulty in understanding the texts is that the tran- 
sliterations in Tibetan of some of the Sanskrit words or of the 
names of different plants or metals are defective or wrong Besides, 
owing partly to the subject with which the present writer has no 
acquaintance whatsoever, and partly to the peculiar style and 
technique not familiar to him, some passages have been 
left untranslated, in order that one may not be misled Yet, it is 
hoped that the tentative translation given here would enable the 
reader to form an idea of the contents of the texts we are concerned 
with. The Tibetan versions are given m the Appendix The 
passages are divided m accordance with the sense. 
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, , TRANSLATION 

/ 

« i 

I 

Sarvesvararaslynna 

1 In older to punfy quicksilver one should first mi\ it with 
the dust of brick (so phag gyi phye ma don sbyar ), and crush it 
seven times And m that state it is to be kept m the sun 

2 After this it should be purified seven times with the sap 
(dugdha or k.sva, o ma) of Alton ( — Arl^a, Calolropis Gigantiya^) 
In that state it is to be kept m the sun 

3 In the same way as before let one proceed with the sap 
of each of the following plants Vai una (sm ba run but the actual 
reading is bo ’un, Ctocva Roxbrughu), Kanla^arl ( Solanum 
Jacquim) with its thorns, Kumait (Clito)ia lonalca ^ Ghrla 
kumait, Aloe Indica, is also called Kumari), as well as with the 
solution of a medicinal salt called mdzo tshwa (in Tibet), The 
quicksilver after being treated .n this way becomes fit for use 

4 Three leaves of Laingi ( — Lingirix, called SiVahnga 

in Bengal) which is used as medicine, and plentiful flowers and 
stalks of Katu\a (Kaily in Bengal, Pieioirhiya Kurioa ) [together 
with] an adequate quantity of the sap of Raktaphala (Indian Tig 3 ) 
poured into a pot, are to be crushed, dried, and made into straight 
theads > 

5 One desirous of purifying copper is to make it thin and 
it is to be steeped m acid (amfa, s^yui po’i nan du ) for seven days, 
and likewise m whey (dai ba’i chw Ifhu /a), and it becomes glossy 
(legs par b\ra bai bya o) Then the copper with an equal portion 
of sulphur is to be put in an earthen pot,- so that (when it lS-plaGed, 
in fire) no smoke can come out And then it becomes white just 
like silver 

6 As regards the purificaton of Ranga 1 ‘tin’ ( gsa tshe) one 


1 Vanga may be read for Ranga, the Tibetan word meaning both of them. 
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is to use Silaiasa ‘gum of Liquidambei Chientalis’ (bon \hu ba 2 ) 
in the same way as before , . __ 

7 One desirous of calcmiation of (maiana, bsad ) iron is to 
make it thin and put it m the urine of a cow with'TnpJWa ‘three 
Myiobalans’ (’biu gsum 3 ), and then it is to be burnt After this 
the same procedure is to be followed as with copper 

8 One who wants to calcine ( maiana ) mica is to grind it 

into powder and put it into acid ( amla ), and then the procedure is 
the same as with copper — - - - . 

9 - - - = - - 

10. One who wants to root out skin diseases (ijo pha wan - 
bsad par ’ dod pas) is to be fumigated seven times m the sun with 
leaves of Gv igandhapatra ( = Gandhapatia — Asvagandha, Physa- 
lia plexuosa of a mountain), and he should apply tlie c scum of 
melted butter Thus, like the copper mentioned before (the 
affected part of the body) becomes clean and pure 

1 1 One who wants to purify silver is to use the fluid of the 

plant NiiVisi ( mr bi si’i ) seven times, and it is to be calcined just 
like iron. ,t 

12 Lead 1 is to be calcined like quicksilver 

13. One who wants to purify gold is to use the fluid of the 
plant Kancana , s and it is to be calcined like copper 

14 The calcination of Supatyta (^)° is like that of gold. 

^ _ 

C - " ~ > 

2 Does it mean here /IttOiscP 

3 Here ’bru lit ‘the stone of a fruit (asfJu’) seems to have been used for 'bras bu 
‘phala and with gsum ‘tri it means tnphala or inphala Or is ‘bru gsum for 
bru bcud gsum") If so, it means three kinds of millet-sesame 

4 The Xylograph reads bht ma probably for bbi ma This is the transliteration 

and it appears to be a wrong one for si sa, Sanskrit sis a Bhlma in Skt means 

Amlaoetasa a kind of plant But obviously it cannot be meant here 

« - 

5 The transliteration in the Xylograph is ka tsa na which seems to be fzancana 

6 I do not know what it means It may be a wrong' transliteration (su pa k. 1 to) 
of Supavitralia In the Kalpadrul^osa of Kesava, GOS, p 194, in the sense of brass' 
or ‘bell metal there is a word pavitralia “ ghorapuspam (Read °g husyaro) pavitraham” 

J ^ ~ — - - - 

It may be that the Tib translator made a mistake m reading supalyta for supavntra\a 
Here su- means ‘good u , - 
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1 5 Thus when the purification is made they are all to be 
taken in equal proportion with three portions of Haritakj ‘Termi- 
naha Chebula’ , and there being made a very fine powder of them 
all, pills are to be prepared These pills, each of which is of 
four ra\tikas / if given to a patient, cure all sorts of diseases 

16 The thing mentioned before is to be soaked in acid and 

in it the flour of parched barley ( phye ) and bread are (also) to be 
soaked Then if one takes only four ratyilzas of it, at a time, for six 
months, one’s hoariness of hair and wrinkles of the body disappear, 
and one becomes (as beautiful) as the moon , and a lover’s 

immeasurable love for a woman does not run away And if a 
man succeeds (in using the medicine) for six months he does not 
become languid 

Here ends the Ratnarasayanasiddhi 


II 

Dhatuvada 

1 

In order to effect the fulfilment to the fullest extent of charity 
I shall speak of the teaching ( upadesa ) of Dhatuvada for those 
who are explorers 


2 

Bilva ‘wood-apple’, Dadima ‘Pomegranade’ , and smart - 
tshos ‘a kind of dye’, 1 — these are to be burnt and mixed with sour 
wine in a copper pot and kept for three days. 


7 Ratis, rati is a weiglit=l/6, 1/7, or 2/15 masalas 

8 Particulars not known 

1 Its particulars are not known 
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3 

Thus there will be a pamt, and if it is applied first three times, 
then seven times, and then twenty one times to a thm piece of 
iron it becomes copper. 


4 

Quicksilver, clay for making pottery ( kham sa), and 
sems rtsi ( 2 3 4 5 6 )“ — these are to be mixed with cow-dung Then if 
a piece of copper is put into that mixture it turns into silver 

5 

AsVaksa ‘the eye of a horse’ ( rta.mig ), Mesasrnga ‘the horn 
of a ram’ (lug.ru), Kurmacarman ‘the skm of a tortoise’ (rus sbob - 
sun-lhags)^ and Sda' ‘red arsenic’ are to be melted with gold, 
and into that mixture silver is to be put Then, if with the eighth 
part of this solution lead is liquified it becomes silver 

6 

Take silver and \amsya ‘bell-metal’ (‘k.har ba) m equal 
portion, and mix them according to the weight of lead After- 
wards when these are liquified m a pot, they all become silver 

7 

Eight palas ' of Mahamamsa (sa chen),^ and lead and silver 
of equal weight, two palas of Sarji ‘natron’, as well as of sman - 

2 Evidently a particular kind of paint 

3 AsVaksa and Mesasrnga are two kinds of plants Whether there is any plant 
of the name of Kurmacarman 1 do not know Nor can 1 say whether the things implied 
by these words in their ordinary meanings are here actually meant 

4 In the Xylograph it is tanshterated as si la It may refer to Sallakl a kind of 
plant (Boswellia Thuripera) See S C Das s Dictionary, p 1268 

5 A particular weight equal to 4 k arsas= lu/a 

6 It means human flesh as well as ‘a kind of little shrub 
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tshos,' one pala Visaghna Sebesten, Cordia mysca (latifoha )’ 8 
( dug bsactjd and quicksilver of equal weight — these drugs are to 
be crushed with the tasa ‘liqiud’ { k.hu ba) of ‘the substantial 
drug’ 10 And all this to be put in Svetasmga ‘barley’ (rwa dfyar ) 
or m an earthen pot • * . ‘ - 


8 

Then having the mouth (of the pot) tied updone is to burn 
it, till the fire turns into ashes, and when that substance (lit the 
medicine) is taken out it will be found changed into silver, (as 
bright) as the moon. 

9 

* » » 

Having taken the foul matter (i e pith ) 1 . 1 inside a stag’s horn 
( sa ru — rmgasmga) that has just come into being, keep it in the 
sun and it will melt Then (this liquid together) with the powedr 
of lead and silver is to be poured into the clarified butter of a cow 
(zum mai), and when the water dries up, that matter turns innto 
silver 

( 


10 

Smart tsha, Vida ‘bora x\(tsha le), Yavaksaia ‘an alkali 
prepared from the ashes of burnt green barley corn’, Sar-jikja 
‘natron’, the fluid called Svetaiasa (if si d/^ai ), 12 Visa ‘poison’ 
(dug ), 13 and the urine of a Hanumat ‘a particular kind of monkey 

) 

7 See note 2 

8 See Vatjayanti ed Oppert, Madras, 1893, pp 49, 1 109, 777 ! ' 

9 For bsad Xylograph reads pas 10 gdos (Xylograph gdus) can sman 

1 1 The actual reading in the Xylograph is bu rt sa na It does not give any sen^e 
and looks like a transliteration of some Sanskrit or Indian word which seems to be 
purlsa, here na in the text being for the Tib particle n i It appears that the word 
purisc, is used here in the sense of mala dirt , foul or impure matter , not necessarily 

excrement 

12 Butter-milk and water mixed in equal parts 

13 It may mean a particular vegetable poison, Vatsa-nabhi The word Visa means 
a kind of aComte 
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with large jaws and black face’ (ha nu man ta’i chu) — mix these 
with buff a^ -curd (ma hei zo), and keep lead in this mixture for 
three days, and burn m such a way that no smoke comes out from 
it, (and it turns into silver) And thus on acocunt of the change 
(of a metal) into silver one’s poverty and miseries are removed. 

11 

Now, having described the method of making silver I shall 
speak of making gold which is just like nectar 

12 

/ 

In the Himalayas there is a very good and well-known plant 
called k us tha ‘the plant Costus specious or arabicus’ ru da), 
from the leaf of which drips towards the earth ( sa phyogs) a fluid 
having a colour like bright gold This and the ashes of pure lead 
(za ne dkar po), and quicksilver when, according to the instruc- 
tion given, come into contact with the copper mixed with silver, 
they turn into gold 


13 

First quicksilver is to be put on a fire in such a way that it 
does not ooze out Then when one knowing as to how the paint 
is to be prepared from drugs ( sman gyi dsi) (applies it) m 
(proper) way, there is effected gold If it (quicksilver) does not 
remain on the fire it does not turn into gold 

14 

Therefore (quicksilver) is to be enclosed (m a vessel), having 
covered its mouth with a circular stopper, and it becomes gold 1 ( 
Here ends the DhatuVadopadesa of 
Acarya Nahna. 


14 The last line of the verse is defective and obscure and so it is left untranslated 
See the note on the original text 

17 
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Appendix 
TIBETAN TEXTS 
I 

Sarvesvararasayana 

[Mdo Go la 1] rgy a gar skad du /sarvesvararasayana 
-rogaharaparipustaka nama/ 

bod skad du/thams cad kyi [2] dban pbyug 
bcud len nad thams cad ’joms 
sm lus kyi stobs rgyas par 
byed pa zes by a ba / / 

thams cad mkhyen pa la [3] ’tshal lo // 

1 dan por dnul chu sbyan bai don.du so phag gi phya 

ma dan sbyar la lan bdun gyi bar du blags sin sbyan [4] par - 
bya’o/de’i skabs su yan iii ma la bdug por bya’o/ / 

2 sm a kon gyi ’o mas lan bdun gyi bar du btags sin [2 
a 1 ] sbyar bar Eya’o/de’i skabs su yan ni ma la bdug par bya’o/ / 

3 yan sin ba ’un gyi o mas snar bzm no//ka ndi’i [2] 
zes bya ba’i sin tshe ram can gyi khu bas snar bzm no/ /ku ma ra 
(x ri) ’l.khu bas snar bzm no//tsi tra’i khu bas snar bzm no// 
mdzo [3] tshva khu bas snar bzm no/ /sman.de (x da) rnams - 
bkrus sin. dnul. chu bzun no/ / 

4 lin gi.zes bya ba ’i sman ’dab ma.gsum pa/ro tsha ba 
[4] me tog. mo (x ma) d pa dan/sdon bu thog (X mthog) btsam - 
yod pa’i khu ba blugs nas btags pas skram.sm.skud pa Itar dran - 
du ’dod par ’gyur ro// 

5 [2 b 1 ] zans sbyon bar dod pas srab mor byas la skyur 
(X skyar) po’i nan du zag bdun gyi bar du sban.no/dar ba’i chur 
khu la yan de bzm no/legs par bkru bar [2] bya o/de nas zans - 
dan mu zi.mnam par byas la dza go (for rdza bo) nan du du - 
ba ,mi ’chor.bar bya’o/ dnul. lta bur dkar por ’gyur ro/ / 
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6. gsa’ (X bsa)tshe sbyon ba [3] la bon kbu bas snar bzm - 

no// 

7 lcags bsar par ’clod pas ba’i chu la ’bru gsum btab la - 
srab mor byas la bzug go/ /bcug pa m bsreg [4] pas so/ /phyi- 
nas.kyan ’bru gsum bcug la.zans bzm no// 

8 lhan chor bsockpar ’dod pas.zig tu.btags la.skyur (X 
skyar) pos bcug la zans bzm, [5] no// 

9 a.ra dha ’i.lo ma.m.gnen.po (or gnan) ym te zans - 
bzin no/ /.ba’i.lca.thag (^) kha mnan.par bya’o/ / 

10 rjo.pha.wan bsad par ’dod pas gi (X ki) ri gan dha’i lo 
[3 a 1 ] mas m ma la lan bdun budg par by a o /mar khu cba na 
bcug pa snar gyi zans bzm no dkar por son ba m ’byons pa’o // 

11 [2] dnul sbyan bar ’dod pas mr bi si ’i. khu bas lan - 
bdun gyi bar. du. lcags bzm du.bsar bar bya’o/ / 

12 ji ltar. dnul chu bsar. ba bzm bh’i ma. la yan [3] bsar.- 
bar bya’o/ / 

1 3 gser sbyan bar ’dod pas.ka rtsa na ’i khu bas ji ltar - 
zans bsod pa bzm bya’o/ / 

14 ji ltar gser gsod pa bzm su pa.ki ta yan.de 4 bzm.no/ 

15 de.ltar sbyan ba thams cad.cha mnam por byes la a - 
ba ra m cha.gsum mo/ /de.ltar zib tu btags la gon bur bya’o / 
nad pa la ra ti bzi 5 bzi bym na nad thams cad ’phrag go/7 

16 skyur po dan sno sban .no / phye dan khur ba’n drug - 
tu zas na skra dkar dan gner ma spon [3 b 1 ] zla dan mnam mo 
/ mtshon gyis ma tshod cm bud med la khu ba ’ pho bar mi - 
’gyur ro/zla ba.drug gi bar du.grub phym na ’bym.ba.bsad do / / 

Dban phyag.gis bstan pa’i rm po che’i bcud len grub pa.~ 
rjogs so/ / 
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II 

Dhatuvada 1 

[45a 4 ] rgya.gar skad du/dha tu va da.na.ma// 
bod skad du/ [5] gser ’gyur. gyi.rtsi zes. bya ba// 
yum rdo.rje phag mo. la phyag ’tshal lo/ 

1 

sbyin pa’i pha rol rdzogs pa’i phyir/ 
gser ’gyur rtsi yi gdams pa m / 
nams su.len.pa’i gan.zag la/ 
tshogs m.bsag pbyir bsad par bya/ / 

2 

bil ba se’u.sman tsbos dan/ 
se ’bru rab tu [6] bregs nas 2 
chan skyur dan m sbyar bar bya I 
zans kyi snod du zag gsum bzag/ / 

3 

de nas bdun gsum hi su gcig/ 
zal gyi gdams pa’i sman tshi yis/ 
srab mo’i Icags mams zans su ’gyur/ / 


1 In this text the abbreviations VX and CX are for the Xylographs belonging 
the Visvabharati and the Calcutta University respectively 

2 The actual reading of the first two lines of the present stanza, as found 
the Xylograph, is as follows 

bal pa se’u sman tsha dan/ 
sa u ra bsregs sa/ 

Evidently it is defective, and so I propose to read them as in the text 
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4 

dnul chu dan nt kham sa dan/ 
sems P) ‘rlst dan ni lcht bn nt/ 

[7] 1c gar P) byas.nas dc yi dbus/ 
zans mar.bzng na dnul du.’gyur/ / 

0 

rta mtg dan.m lug ru.dan/ 
rus .sbnl.4un.lpngs.st lar bcas/ 
b?us pa t gser la dnul blab nas/ 
dc rnnms bsdus pa't.chn brgyad k\ is / 
b?us pa’i zn nc blab b\as.nas/ 
lls.bn [45 b 2] had ni dnul ’gyur// 

6 

dnul. dan 'kbar ba mtinm bj as nas/ 
za fic’t tsbad du bsre.bar b\a/ 
phyi la ! snod k>t nan du nt/ 

7u bas thnms cad dnul du g>ur// 

7 

4a chcn sran nt brg\nd dan nt/ 

zn nc dkar po dc dan mtinm/ 

sa j’t sran gnts sman tsha dan/ 

dug bsad [2] getg clan dnul chu tnnam/ 

gdos'.tan sman nt khu.ba yts/ 

sda.mn’i.sman mams mite bat bya/ 

thnms cad rva. dkar. nan du bcug/ 

yan na rdja sa’t snon du nt/ / 


3 VX ru 

A VX llo'i for phi/i In 
5 VX (ias 0 VX pi lai 
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8 

kha sbyor byas nas bsreg.bar bya/ 
sman thal bar du bzag nas bton/ 
dnul m zla ltar grub.’gyur/ / 

9 

[3] skyes pa tsam gyi' sa ru yi / 

bu n sa ni blad byas nas/ 

hi ma zu nas btab bar bya/ 

de m bzu 7 8 * ’gyur phye yis ni/ 

za he dkar po’i zun mar la/ 

btab nas chu skam n dnul du ’gyur/ / 

10 

sman tsha 10 dan.ni tsha le dan/ 

ya.ba ksa ra sa dzig / 

rtsi dkar sman m khu ba [4] dan/ 

dug dan ha nu man ta yi 31 

chu m.ma ha’i zo dan sbyar/ 

zag gsum za ne’i nan du bzag/ 

du ba mi ’byun thabs kyis bsreg/ 

dnul ’gyur ’phons pa’i sdug bsnal sel/ / 

11 

dnul ’gyur sbyor ba bsad byas nas/ 
gser ’gyur bdud rtsi bsad par bya 

12 

gans [5] can ri bo rnams la ni/ 
ru.rta ste 12 zes sman.mchog grag la/ 

7 VX gyis 

10 CX i shad 

12 Vx fa. 


8 VX bh 9 VX scorns 

1 1 CX ma sa ii’i for man fa yi 
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lo ms sa phyogs zil.mi bral/ 
gser gyi mdog can khu ba ’dzag / 
za ne dkar po dnul chu ldan/ 
tbal sbyon zal gyi gdams pa yis/ 
reg pas dnul zans gser du’gyur/ / 

13 

dan po me.yis dnul [6] chu yi / 
mi ’tshor pa yi sbyor ba by a/ 
de.nas sman gyi rtsi ses nas/ 
mal ’byor gser ’gyr grub ’gyur ro/ 
me dan lhan cig ma gnas na/ 
gser ’gyur grub par mi gyur ro/ / 

14 

de’i phyir kha sbyor ’khor lo yis/ 
bans 1 ’ nas dnul chu ban bar bya/ 
de bans gan [7] yan gser du ’gyur/ 
“thams cad rdo rje’i sku ru 'gyur / / 
gser ’gyur rtse’i gdams pa slob dpon 
n<i hs mdzad pa rjogs so/ / 


13 Vx ci 

14 Here in VX and CX v.c have zc pa pa la or zes a as (">) before ihams, 
but as the metre shov s, it is not required, nor dees it give anj sense It seems 
to have been added here from a marginal note 

rdo r;c means vajra diamond (or sunyata) or thunderbolt sku ru means 'water- 
wheel , but it has no connection here thams cad rdo rje sfcur 'gyur will, however, be 
in Sanskrit sarve vajrakaya bhaOanti 
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1 am glad that the seventieth birthday of Sir P. C Ray is 
being celebrated and I take this opportunity of adding my congra- 
tulations and good wishes to the many he is receiving 

He was a student of Professor Crum Brown of Edinburgh 
University, as I also was some years later, and I felt that this was 
a link between us even before 1 had the pleasure of meeting him 
I met, some weeks ago, another student of Professor Crum Brown, 
Sir James Walker, a fellow student of Sir P C Ray and I enjoyed 
hearing something of the happy comradeship that existed in that 
laboratory m what is now the building of the medical school of 
Edinburgh University, a comradeship renewed in later years when 
Sir P C Ray revisited Edinburgh 

Sir P C. Ray’s book on the chemical achievements of ancient 
India roused my own interest long ago - his simplicity of life, his 
uprightness of character, his devotion to the true welfare of his 
students and to the true welfare of India have been, I know, an 
inspiration to my students m Bombay 

A R, Noimand 





Some Difficulties of Wave=Mechanics 

Bi B M Sen (Calcutta) 


The modern theory of Wave-mechanics owes its origin to the 
conception of de Broglie that a particle can be regarded as a 
collection of waves and its apparent position is where these waves 
are concentrated — virtually a system of wave-groups possessing a 
group velocity familiar to us m Hydrodynamics An experimental 
verification was given by Thomson who obtained interference 
photographs of these particle-waves Schrodmger subsequently 
gave an equation which owes its origin to de Broglie’s idea and 
forms the basis of the entire super-structure of modern Atom- 
mechanics Its theoretical basis is weak and it is usual to regard it 
as fundamental — occupying so to say the same position as Newton’s 
second law of motion in classical Mechanics Its chief merit at 
the initial stages lay in the very natural explanation it offered of 
the continuous and discrete spectra of Hydrogen 

In the hands of Born and his collaborators, it became a statisti- 
cal equation, giving only the probability of the particle being at 
any special position Difficulties then began to appear when 
Schrodmger’s equation was extended to more than one particle and 
its interpretation sought The particle-waves now became waves 
in “phase-space” and not m the Euclidean space of our experience, 
which is quite different A real difficulty is thus introduced which 
deals a severe blow to the simple intuitional idea of de Broglie It 
reopens moreover the question of interpretation of Thomson’s 
experiments which is not yet available It must not be supposed, 
however, that de Broglie’s idea was free from difficulties It was 
shown by Heisenberg that the wave-packets would tend to spread 
out in course of time and the identity of the particle would be lost. 

18 
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His argument, I believe, has not yet been met. The entire idea is 
thus m a state of great uncertainty. 

It is possible that the difficulty may be solved when a mathe- 
matical grounding has been discovered for Schrodmger’s equation 
It will be remembered that Schrodmger’s equation may be 
derived from the equation of energy by the substitution of 
a differential operator for the momentum component in the energy 
equation No reason can be assigned for this transition from the 
position and momenta of particles to an equation holding over the 
entire space. It would even be helpful if the physical idea under- 
lying the transition and the hypothesis made could be clearly stated 
But this is not forthcoming and the Schrodmger equation stands 
as an empirical equation which has led to wonderful results 

A few years ago, Heisenberg introduced his well-known 
Uncertainty Principle, which asserts that it is not possible to deter- 
mine accurately the position as well as the momentum of a particle 
The greater the accuracy in measuring one, the greater the uncer- 
tainty in measuring the other This principle which is now 
generally accepted has a curious effect on the Quantum hypothesis 
In a recent paper, Darwm makes observation 

“It is rather a striking example of the duality of the quantum 
theory that one aspect insists that every system always has angular 
momentum an exact multiple of the quantum, while the other insists 
that it can never be possible to measure the angular momentum of 
any system to the nearest quantum , indeed it is really the second 
fact that allows us to make the first assertion without fear of con- 
tradiction’ ’ 

Taking both these hypotheses together, one cannot help think- 
ing that they imply almost a reversion to the Scholasticism of the 
Middle Ages when knowledge was mextucably mixed up with 
belief 

Such are some of the difficulties which confront a theoretical 
physicist and any light thrown on them will illumine the path to a 
better understanding of the constitution of matter. 


f 



The Mysteries of Matter 

Ih Priyniiaranj-in Ray (Olcnita) 


Matter, energy and life, which may be represented by the 
three Gunas — Tamas, Rajas and Satwas of the ancient Hindu 
philosophy, though, strictly speaking, Satwas denotes life rather 
in a limited sense, meaning perfect consciousness and pure intelli- 
gence, form the three ultimate constituents from which the entire 
physical universe with its living and non-living matter, all forms 
of radiant and other energy has been evolved 

It is, therefore, no wonder that human endeavours and 
intelligence have been directed from the very dawn of civilization 
towards an interpretation of the essential nature of these three 
fundamental units This has finally led to the development of 
different branches of natural and mental philosophy 

Inspite of various philosophical speculations, we have not 
yet been able to make any notable progress regarding the 
nature or essence of life A true scientific explanation of 
life seems still beyond the range of all probability Nothing 
more has been added to our knowledge in this respect than 
what the ancient Hindu and Greek philosophers taught some 
5,000 years ago 

Regarding the knowledge of matter and energy, however, 
a phenomenal progress has been made within the last two or three 
centuries, culminating in the revolutionary scientific discoveries of 
the recent times Two mam branches of science, physics and 
chemistry, have their growth and development in the study of the 
nature of energy and matter 

Matter can be viewed m macrocosmic or microcosmic form, 
and both strike us with wonder when we study their origin, growth, 
interaction, transformation and disintegration. Astronomy deals 
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with matter m macrocosmic form, whereas chemistry and modern 
physics are explaining the same in microcosmic condition. As a 
knowledge of the part is essential for that of the whole, we will 
proceed at once to discuss the structure of matter m its smallest 
subdivisions 

The earliest hypothesis regarding the discontinuity of matter 
which, at the first sight, appears to be continuous and capable 
of infinite subdivision, was conceived by the ancient Hindu and 
Greek philosophers as early as 3,000 B C , who assumed 
that matter consists of minute, discrete particles, incapable 
of further subdivision and separated by empty space This 
speculative hypothesis was placed on a scientific basis by 
John Dalton m the beginning of the 19th century from a study of 
the laws of chemical change The terms atoms and molecules 
thus came into vogue m scientific literature, denoting respectively 
the smallest particle of elementary and compound substances 
The idea that all vanties of matter are made up of a 
limited number of elementary substances, which cannot be 
further decomposed into two or more unlike substances, 
was first developed m a scientific sense by Robert Boyle m the 
middle of the seventeenth century, if we leave out of consideration 
the abstract conceptions of the ancient philosophers Atoms 
were, therefore, represented as the minutest indivisible particles 
of elementary substances, which can take part m chemical 
leactions, giving rise to the formation of molecules 

Question then naturally arose, if the atoms again are really 
the ultimate particles of matter, being continuous in nature and 
forming hard impenetrable microcosmic units. Is there any limit 
to the number of elementary substances, or for the matter of that, 
to the number of different species of atoms ^ Is there any genetic 
relationship between themT 

We shall now see how these questions have been answered 
through a series of scientific discoveries 

The Daltomnan atoms, which form the buildmg-stones of the 
material universe and the foundation of our chemical science, were 
regarded as minute indivisible particles having unalterable weight 
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of their own — atoms of the same elements having the same weight 
and the atoms of different elements having different weights The 
macroscopic physical universe is built up by the combination of 
these minute invisible particles 01 atoms 

Though this idea dominated the whole of the physical and 
chemical science foi more than a century, still certain relationship 
between the properties of different atoms was discovered, which 
inspired the scientific workers with a faith m the unity of matter, 
running through the diversity of elementary substances This 
relationship, as is well known, was discovered by Mendeleeff and 
Lothar Meyer in 1868-70 and is represented by what is known as 
the “natural or periodic system” of elements This consists in 
a comprehensive classification of the chemical elements bringing 
out clearly the law of periodicity — “that the properties of elements 
are a periodic function of their atomic weights 

This generalisation, strongly suggesting a genetic relationship 
between different types of elementary atoms and hence a common 
origin for all, seemed for the first time to render untenable one of 
the fundamental postulates of the Daltonian hypothesis, 1 e , the 
individuality or unalterability of the atom 

In 1834 Faraday enunciated the laws of electrolysis, which 
showed an intimate relationship between electricity and matter. 
This was further elaborated by later investigators, leading finally 
to the development of the theory of electrolytic dissociation by 
Arrhenius in 1887 The full significance of Faraday’s discovery 
remained, however, unnoticed, till it was pointed out by Flelmholtz 
in his Faraday lecture m 1881 These were the actual words used 
by him “Now the most startling result of Faraday’s laws is 
perhaps this If we accept the hypothesis that the elementary sub- 
stances are composed of atoms, we cannot avoid concluding that 
electricity also, positive as well as negative, is divided into 
definite elementary portions, which behave like atoms of electri- 
city ” As a matter of fact, Faraday’s laws may be expressed m 
a slightly modified form as follows, which correspond closely to 
Dalton’s laws of constant and multiple proportions 

(1) The quantity and quality (positive or negative) of 
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electricity, associated with an atom or atomic group to form an 
ion, is constant 

(2) When an atom forms more than one kind of ion, the 
quantity of electricity associated with the same atom bears a simple 
ratio to one another 

This at once suggests an atomistic theory of electricity and 
an intimate association between the material and electrical atoms. 

About the same time Sir William Crookes was engaged m 
investigating the phenomena of the electric discharge m high 
vacua This led to the discovery of cathode rays, a glowing pencil 
of rays coming out of the cathode, which was regarded by Crookes 
as the “fourth state of matter ’’ Sir J J Thomson m 1897 studied 
the nature of these rays and proved that they consist of negatively 
charged particles. He also measured their velocity, mass and 
charge The charge was found to be equal to that carried by a 
hydrogen ion — the least qanutity of electricity that is known to be 
associated with any atom, and the mass to be equal to 1 / 1 840 of 
the mass of a hydrogen atom These results were subsequently 
confirmed by Wilson, Millikan and others The discovery of the 
atom of negative electricity or “electron,” un associated with any 
material atom, was thus made 

But what is more important, the electrons produced had 
always the same mass and charge, irrespective of the nature of 
the cathode materials 

The impact of cathode rays upon matter led to the discovery 
of X-rays by Rontgen in 1895, which was followed by the recog- 
nition of radio-activity m uianium salts by Bacquerel m 1897 
Soon after Madam Cuire discovered radium and its powerful radio- 
active properties These bodies weie found to emit three types 
of rays, a, (3 and 7 rays, of which the Prays were proved to be 
identical with cathode particles or electrons It was further found 
that electrons could also be produced by the action of X-rays upon 
various substances But the mass and the charge of the electrons 
produced by any of these methods from any substance whatsoever 
remained always unaltered This led to the unavoidable conclu- 
sion that the electron forms a common constituent of all varieties 
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of atoms One of the fundamental postulates of Dalton’s theory 
that atoms are ultimate indivisible particles of elementary 
substances was thus proved to be untenable 

But the atoms as a whole are electrically neutral So, if units 
of negative electncity or electrons are a common constituent of 
them all, they must also possess an equal amount of positive elec- 
tricity as a counter part m some form or other Emission of a 
particles by radio-active bodies, which were identified as helium 
atoms charged with two units of positive electricity, supplied at 
once a direct evidence in support of this view 

With the help of these highly penetrating a and rays 
emitted by radio-active bodies, Rutherford and his co-workers 
succeeded in exploring the internal structure of atoms From a 
study of the scattering of a particles by thin sheets of metals 
Rutherford developed the conception of the nuclear atom in 1911, 
which forms the foundation of our modern atomic theory 
According to this the atom consists of a minute positively charged 
central nucleus, surrounded by a number of electrons — called 
“'planetary” electrons The nucleus is responsible for practically 
the entire mass of the atom, and its positive charge is equal to 
the total negative charge of the surrounding electrons These 
planetary electrons determine more or less the physical and chemi- 
cal properties of atoms But the accumulation of a number of 
positive charges within an extremely limited space, as that occupied 
by a nucleus, would render the latter highly unstable and make it 
liable to explosively fly into pieces on account of the mutual 
repulsion of similar charges It is, therefore, assumed that these 
positive charges inside the nucleus are firmly held together by a 
number of binding or cementing electrons Hence the charge on 
the nucleus is regarded as a net positive chaige This net charge 
on the nucleus and hence the number of planetaiy electrons were 
also approximately determined by Rutherford and his co-workers, 
an accurate determination of which was based on the brilliant 
researches of that young physicist Moseley (1913), who was killed 
at the age of 23 at the last European war This led to the introduc- 
tion of ‘‘atomic number” as a more fundamental characteristic of 
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elements than their atomic weight, and gave a physical interpreta- 
tion to the entire periodic table The atomic number of an 
element thus represents the net nuclear charge of the atom and 
corresponds to the ordinal number of the element as it occurs in 
the periodic table As the hydrogen atom contains the lightest 
nucleus known and can never acquire more than one positive 
charge, it is generally accepted that a hydrogen ion or hydrogen 
nucleus represents the positive unit of electricity To this the 
name “proton” is given The electrons around the nucleus are 
not at rest, but are m perpetual motion with great velocity 
in circular or elliptical orbits about it, as has been shown by Niel 
Bohr and Sommerfeld Bohr has further proved that these plane- 
tary electrons are arranged in different levels, and are distinguished 
by different energy content The nucleus consists of protons and 
electrons packed together m a minute compass This more or less 
completes the modern picture of the atom, which thus becomes an 
epitome of the solar system The structure of the macrocosmos 
is repeated m that of the microcosmos or vice versa 

Now if the atomic number or the net positive change on the 
nucleus determines the physical and chemical nature of the atom, 
it follows that the transmutation of elements like the conversion of 
mercury into gold need no longer be a dream of the alchemists, 
but lies within the range of practical probability and could 
be realized under suitable experimental conditions Thus mercury 
with an atomic number of 80 would be transformed into 
the element no 79, 1 e gold, if its atomic number or nuclear 
charge could be reduced by one unit only Reversibly gold would 
be converted into mercury, if by any means its atomic number 
could be made to increase by one unit The transformation of 
mercury into gold, therefore, involves simply an expulsion of 
a proton from, or an injection of an electron into, the mercury 
nucleus As a matter of fact, attempts have been made for the arti- 
ficial conversion of mercury into gold, and several investigators like 
Miethe and others claim that, by means of powerful electric 
discharge, they have been able to obtain gold from mercury 
Though these claims have now been disputed, the possibility of 
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such artificial transmutation can no longer be denied That trans- 
formations of one element into another are continuously going on 
m nature, is proved by the spontaneous disintegration of radio- 
active substances Further, Rutherford and his co-workers have 
succeeded in bringing about the artificial disintegration of 
non-radioactivc lighter elements like boron, nitrogen, phosphorus, 
aluminium etc by the impact of long range a particles from 
Radium C, The atoms of all these elements, on being disintegra- 
ted, set free protons, proving further that the latter forms one of 
the constituents of all atomic nuclei 

As each element is characterised by its atomic number and 
not by its atomic weight, it becomes clear from \shat has been said 
abo\c that atoms of one and the same element may not possess the 
same mass In other v.ords, all elements arc not ncccssarih 
homogeneous Bv suitable adjustment of protons and electrons 
in the nucleus, the atomic number of an element might be kept 
unaltered, though the atomic mass vsould varj Clements with 
the same atomic number but with different atomic mass arc known 
as “isotopes “ The isotopic elements possess the same chemi- 
cal properties, hence they arc inseparable by any chemical means 
Such isotopes v.crc first disco\ercd by Soddy among the radio- 
active bodies, this was follov.cd by their discovery among 
the ordinary non-raclioactivc elements by Thomson and specially, 
by Aston in 1919 with the help of positive ray analysis Most of 
the ordinary elements have been found to be a mixture of isotopes 
and non-homogeneous in character This violates the second 
important postulate of Daltonian hypothesis, that the atoms of one 
and the same element have got the same mass 

We thus find that the atoms are not hard and impenetrable 
particles, but like the matter itself m bulk are highly porous and 
discontinuous They arc built up of positive and negative units 
of electrical energy, “protons and electrons. It is fuithci 
proved that electricity also, like matter, consists of atoms A unity 
running through the diversity of chemical elements, previously 
hinted at by the Periodic Law, is thus definitely established 

The very fact, that material atoms arc made up of units of 

19 
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electrical energy, at once gave an impetus to the search after the 
real relationship between matter and energy in general This has 
resulted m a striking generalization of great fundamental import- 
ance, which we shall discuss readily 

Every one of us is familiar with the law of conservation of 
energy, which, like the law of conservation of mass, states that 
energy is never destroyed, but can only change its form Heat, 
light, electricity and motion are the different modes m which energy 
appears to us Of these, the radiant energy or the energy of radia- 
tion, which has given expression to this universe, is the first to be 
thoroughly investigated As early as the seventeenth century 
Newton suggested that light consists of particles shot out m all 
directions from the luminous body, and developed the “corpuscular 
theory” of light In the 18th century this view was discarded m 
favour of the “undulatory theory” of light, which asserts that light 
is tiansmitted by means of waves in that all-pervading medium, 
known as the “luminiferous ether ” Faraday and Maxwell 
further proved that all radiations are electrical m their nature, and 
that light waves are only Very short electromagnetic waves Thus 
energy, both electrical and radiant, were supposed to consist merely 
of waves and to be continuous in nature In 1900 Planck, how- 
ever, showed that material atoms are incapable of absorbing or 
emitting radiation continuously, but can do it only m integral 
multiples of a fundamental unit or “quantum ” This has given 
rise to what is known as the quantum theory of radiation These 
“light quanta” are called “photons ” Hence radiant energy may 
again be regarded as made up of discrete units like electricity and 
matter But both the wave theory and the quantum theory 
of radiation have their own defects, and one cannot explain fully 
all the phenomena of radiation without the help of the other 
Hence radiant energy has come to be regarded to behave as if in a 
dual capacity, sometimes as waves and sometimes as showers of 
corpuscles or photons 

We have already discussed that matter is discontinuous, and 
is made up of protons and electrons Bohr has further proved 
that an atom emits or absorbs radiation in a discontinuous way, 
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'when the planetary electrons move from one level to another 
Thus a close genetic relationship is established between matter, 
electrical energy and radiation The analogy between radiation 
and matter has been pushed further ahead within the last few years 
by de Broglie, Schrodmger and others These investigators have 
shown that atoms need no longer be considered as an assemblage 
of particles like protons and electrons, but may be regarded with 
advantage as a source of waves This has laid the foundation of a 
new branch of physics, known as “Wave Mechanics ” As a 
matter of fact, it has been demonstrated by Thomson and others 
that a shower of electrons behaves exactly like a system of waves, 
producing diffraction patterns under suitable conditions Similar 
phenomenon has recently been observed also with moving protons 
by Prof Dempster Hence electricity and matter also can behave 
in a dual capacity like radiation This seems to link up closely 
all the different forms of energy with matter 

There are, however, more direct evidences regarding the 
relation between matter, electricity and radiation, or between 
matter and energy m general Sir J J Thomson showed that the 
mass of a charged body increases with its motion This seems to 
violate the law of conservation of mass for the first time m science 
And as all atoms are made up of charged particles, protons and 
electrons, the mass of an atom should, therefore, vary with the 
speed of its motion Einstein m 1905 further proved that this 
holds good not only with the energy of motion, but with all forms 
of energy. In other words, energy of a body always contributes 
towards its mass Hence the mass of a body may be regarded as 
consisting of two parts, rest mass and energy mass, the former is 
fixed and corresponds to the mass of the body at rest, while the 
latter is variable and dependent on its energy content This 
.energy mass is, however, exceedingly small and forms only an 
infinitesimal part of the entire mass of a body Radiation, being 
a definite form of energy, should, therefore, possess mass In 
fact Maxwell in 1873 showed that light exerts a pressure against 
'any surface on which it falls This has been subsequently proved 
m 1900 by Nichols and others. If radiation possesses mass, then 
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it should naturally exert a pressure Hence, when an atom emits 
radiation it loses a fraction of its mass, and when it absorbs radia- 
tion it gams m mass The total mass of radiation, emitted by 
our sun, has been calculated by the astro-physicists to amount 
approximately to 250 million tons per minute Our sun is, there- 
fore, losing its weight at this rate The same holds good with all 
other luminaries in the heaven But compared with their total 
mass this constitutes only a negligible quantity This is, however, 
not the only way m w r hich matter is being annihilated or transform- 
ed into radiant energy It has been assumed by the scientists that 
high up m the depths of space, in and around the suns and stars, 
syntheses of different elementary atoms from protons and electrons 
are continually taking place Due to the “packing effect’ 
of protons and electrons m the narrow compass of the atomic 
nuclei, there occurs a loss of mass, wffnch appears in the form of 
“photons” of radiation This accounts for the discrepancy 
observed between the atomic mass of many elements and the sum 
of the individual mass of protons and electrons, constituting the 
atom Another probable way for the annihilation of matter and 
the generation of “photons” in the form of that highly penetrating 
radiation, generally known as “cosmic rays,” has been advanced 
by Sir James Jeans Far out m the depths of space protons and 
a particles — the latter representing the doubly charged helium 
nucleus — are continuously rushing towards electrons around them 
with an enormous speed under their mutual attraction, till they 
coalesce and their charges are neutralised The energy of com- 
bination is then liberated m the form of photons of cosmic radia- 
tions. These photons of neutral particles having the mass 
of hydrogen and helium atoms are known as “neutrons.” 
Recently Chadwnck and his co-workers have been able to obtain 
positive evidence of the existence of neutrons m many atomic 
nuclei. 

We thus arnve at the conclusion that the terms matter and 
energy are really interchangeable Matter is made up of units of 
electncal energy and, when annihilated, gives rise to photons of 
radiation. Radiation again is generally electncal or electro- 
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magnetic in character Both as showers of particles and systems 
of waves matter closely simulates radiation The two separate 
laws of conservation of mass and of energy should now be replaced 
by the single law of conservation of mass plus energy Sir James 
Jeans has very significantly summed up the whole matter m the 
statement — “Matter is bottled-up waves, whereas radiation consists 
of unbottled waves The process of annihilation of matter 
is merely that of unbottling the imprisoned wave-energy and 
setting it free to travel through space The whole universe is thus 
reduced to a world of radiation, potential or existent.” In other 
words, matter is energy condensed, energy is matter disintegrated 
There is only one fundamenal entity — a dualistic electrical entity 
(as protons and electrons) — which appears either m the form of 
matter or energy m a dual capacity of continuous and discontinuous 
character Regarding the nature of this latter, we should better 
not discuss, as that would lead us into much deeper waters, which 
science has not fully penetrated, and of which one can only 
speculate It is possibly unknowable, or a knowledge of it might 
ultimately prove that all that we now call realities are but mere 
shadows or “maya” — a conclusion, which the Vedanta system of 
Hindu philosophy reached some 5,000 years ago Things are not 
what they seem 1 Anyway we arrive here at a very dangerous 
ground, and at which, as the saying goes, one must not rush m. 



The Inter=Frovincial Trade of Bengal 
and its Problems 

J3\ Narcndra Nath Lav/ (Calcutta) 


In availing myself of the opportunity of contributing as my 
tribute of respect an article to the ‘Acharya Prafulla Chandra Com- 
memoration Volume’, it is natural that I should try to select a 
subject calculated to be of interest to the great savant, patriot, and 
industrialist, whose energies have long been directed, beyond the 
limits of his laboratory, towards the industrial renaissance of 
Bengal and her economic uplift from the present decadent condi- 
tion To chalk out the path of future economic progress 
for Bengal and to have a settled line of action, it is necessary to 
realize accurately the nature of the problems before us by obtain- 
ing a view of some of the aspects of the present economic position 
of the Province Otherwise, our endeavours are likely to lead to 
waste of money, materials and energy m spite of our keen 
enthusiasm and laudable ideals A complete investigation of this 
nature is, however, too elaborate to be dealt with within a single 
article As the task permits of a division, it is proposed here to 
make a survey of the trade of Bengal with the other provinces of 
India with a view to ascertain its character and the problems 
arising from the same. 


The Scope of the A rticle 
Factors complicating the Study of the Subject 

The scope of the investigation is thus narrowed down to a 
survey of the imports of commodities from other provinces into 
Bengal and her exports to the former Such a survey 
would enable us to determine the position of Bengal in the mter- 
provmcial trade through a knowledge of her annual income and 
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expenditure on the basis of the opposite trade transactions The 
task is rendered difficult by the fact that no up-to-date statistics 
are available m regard to the internal trade movements of India 
The only relevant statistics compiled specifically for this purpose, 
though m a very madequate and defective manner, are to be found 
m the Internal Trade Statistics (River and Rail-Borne) issued by 
the Department of Statistics of the Government of India , but even 
this publication has been discontinued from the year 1922 So 
the necessary data are to be collected from a number of statistical 
publications issued with different objects m view, and from esti- 
mates available for some years m the past A further complica- 
tion with which the present investigation is saddled arises from 
the fact that the imports of commodities into Bengal from other 
provinces cannot readily be regarded as being paid for by this 
Province, because quite a number of such commodities thus 
imported is destined either fully or partially to be exported outside 
India This is due to Calcutta being the port of import as well as 
the port for the distribution of commodities for three 
different provinces, viz. Bengal, Behar & Orissa, and Assam 
These and other complications noted later handicap the present 
investigation, the object of which is to survey the movement of 
commodities into Bengal strictly for home consumption as also the 
movement of her own produce outside her limits into the other 
provinces. 

Approximately correct Conclusions can be reached in spite 

of the Difficulty 

In spite of the difficulty of the task, it is not altogether im- 
possible to accomplish it m such a manner as to carry it through 
to reach some dependable conclusions The method by which 
this can be done may be briefly explained In regard to the move- 
ments of those commodities for which up-to-date figures are not 
available, the Internal Trade Statistics (River and Rail-Borne) for 
the latest year (the year 1920-21 has been taken m the present 
article) may be relied on with the exercise of some precautions to 
ensure that the articles selected are sufficiently important and 
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representative in their character and are such as have not under- 
gone any remarkable changes in the conditions of trade connected 
therewith The figures thus obtained may be checked by frequent 
references to other available trade statistics for the corresponding 
years to ascertain the net consumption of the particular 
commodities within the importing province. To this may 
be added the consumption figures of a moie recent date, specifi- 
cally obtainable from the Reports of special investigations 
arranged by the Government m respect of particular articles The 
total may be regarded as the index of consumption by the import- 
ing province of commodities drawn from other provinces and her 
exports may be estimated m the same way The conclusions thus 
reached enable us to appraise approximately the resultant economy 
involved in the trade dealings of the province It can serve our 
purpose if the conclusions can indicate the position m terms of 
crores and lakhs, leaving scope for uncertainties to operate within 
the limited range of hundreds and thousands 

The Method followed for ascertaining the Figures 

With this general explanation of the nature and significance of 
the results of the investigation, the method of treatment of the sub- 
ject of the present article may thus be indicated Except 
for articles regarding which recent figures are obtainable from the 
latest available reports either of departmental administrations or 
of special investigations initiated by the Government through such 
agencies as the Tariff Board, Committees, or individual officers 
deputed for the purpose, the River and Rail-Borne Statistics for 
the year 1920-21 have been utilised to obtain the basic data 
legardmg both imports and exports of Bengal from and to other 
provinces The most important articles generally known to be 
heavily consumed m Bengal have been taken up, parti- 
cularly those m respect of which trade conditions have not varied 
m any appreciable degree during the past decade The net 
imports (or the home consumption of commodities imported from 
other provinces) have been estimated m the following way The 
River and Rail-Borne Statistics set forth quantities of the articles 
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of trade moving between the different ‘blocks ’ 1 snread all over 


Ray Com Vol 

Statistics showing Net Imports into i 
(D (2) 

Imports from other Export' 


Commodity 

Imports from Bengal into 
Calcutta 

Provinces into 
Calcutta 

Coal 8c Coke 

67,362,579 cwts 

42,663 091 cwts 

Gram 8c Pulse 

1,149,235 „ 

3,352,999 „ 

Wheat 

98,498 „ 

3,840, 932 „ 

SEEDS 

Castor 

3,866 „ 

319,537 „ 

Groundnuts 

956 „ 

377,086 „ 

Linseed 

203,574 „ 

2,072,114 „ 

Rape 8c Mustard 

61,551 „ 

2,867,077 „ 

Sesamum 

11,703 „ 

39,418 


3 Articles like Manganese Ore, Mica and Lac have been purposely 
from Calcutta across the seas The cases of Hides and Skins, and P 


2 The amounts of exports to other provinces are obtained by adding the river 
and rail-borne exports from Bengal (excluding Calcutta) to similar exports from Calcutta 
to all other blocks except Bengal [Vide River and Rail-Borne Trade Statistics of India, 
(1920-21), Table III ] 


20 
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The River and Rail-Borne Trade Statistics give quantities of 
the internal trade m hundredweights It is, however, possible 
to estimate the value of same from the figures available from the 
Sea-Borne Trade Statistics of the corresponding years which set 
forth both quantities and values of foreign exports and imports m 
tons and £. s respectively by converting the former into cwts 
and the latter into rupees at the rate of Rs 10/- per £ 1 The 
following estimates of value have been obtained for the articles, 
for which the net consumption of quantities has been detailed m 
Table I. 


TABLE II 

Value of Net Imports of some principal commodities set forth 
in column (6) of Table I (1920-2 1) 5 from other provinces into 
Bengal. 


Commodity 

Value 

Rs 

Coal & Coke 

78,26,000 

Gram & Pulse 

3,55,96,000 

Wheat 

4,18,77,000 

SLEDS 


Castor 

38,92,000 

Groundnuts 

32,32,700 

Linseed 

27,71,000 

Rape & Mustard 

4,80,42,000 

Sesamum 

2,94,000 


Rs 14,35,30,700 


To this total of Rs 14 35 crores should be added the values 
of such principal articles of consumption m Bengal as piece-goods, 

4 This is the ratio assumed for the calculation of the values of exports m the 
Annual Report of the Sea-Borne Trade of British India for the year 1920-21 

5 Calculations of price are based on the figures for values set forth in the Annual 
Rfiport of the Sea-Borne Trade of British India, Vol 1 for tbe year 1920-21 against 
corresponding quantities of exports of particular Commodities! 
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salt, galvanised sheets and raw cotton The method of calculat- 
ing the value of each of these articles together with the results of 
the calculations is given below •> — 

Piece-goods 

The necessary data for preparing an estimate of Bengal's 
consumption of piece-goods of Indian make, manufactured out- 
side Bengal, may be obtained from Mr G. S Hardy’s “Report 
on the Import Tariff on Cotton Piece-goods and on External Com- 
petition m the Cotton Piece-goods Trade’’ published m 1929. Mr 
Hardy has given concrete figures for the total imports of such 
indigenous piece-goods into Calcutta for 1927-28 which may con- 
veniently be arranged as under . 


Grey Dhutis 

487 millions of yards 

Grey (other than Dhutis) 

620 ,, ,, 

Coloured Goods 

145 

r 

1,2520 

J> It 

4 

( This is exclusive of Bengal's 

local manufacture) 

Regarding Bengal’s consumption of the total piece-goods 
imported into Calcutta, the Report gives a clue to the making of a 
dependable estimate by laying down the proportions of popula- 
tions of the different provinces using piece-goods drawn through 
the Port of Calcutta, m the following manner 

i 

Assam 

8 millions 

Bengal 

48 „ 

Behar and Orissa 

38 ,. 

U P (5/6 of the total population) 

40 „ 

Punjab (1/6 of the total population) 

5 „ 


7 Total 139 


6 Vide Hardy’s Report, Tables VI, VIII & IX (pp 31-34) 

7 Hardy’s Report , p 30 
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Following this composition of the consumers of piece-goods having 
their supplies either wholly or partially through the Port of 
Calcutta, it will be found that Bengal accounts for 35% of the 
total imports of Indian piece-goods landed at Calcutta. This per- 
centage applied to the previous figure of 1 ,252 mill yards yields 
438,200,000 yds. as the share of Bengal’s consumption Taking 
an average price of 2 as per yd Bengal is found, according to the 
present estimate of her consumption, to be purchasing piece-goods 
of Indian manufacture from other provinces to the extent of 
Rs 5,47,75,000 every year or about Rs 5 Zi crores 

Salt ' 

While Bengal has been annually paying this large amount 
for one of the primary necessaries of life, the amount that is being 
annually paid by her on account of the consumption of salt is no 
less remarkable The amount paid on this score to the indigenous 
sources of supply located outside Bengal, meeting at present more 
than two-thirds of her requirements, is inferable from the following 
table relating to the value of the imports of salt m Calcutta during 
the year 1931-32 s 

Imports from Aden 

Imports from 

Bombaj' 

Madras 
Sind 

Kathiawar 

Total Rs 95 41 lakhs 

It can be inferred from a comparative estimate of the degree of 
dependence of the three consuming povmces (Bengal, Behar and 
Orissa and Assam), the size of the population m each, and the 
larger use of salt m Bengal for domestic and industrial purposes, 
that of this amount,' a proportion of well over two-thirds is charged 

i 

8 Report on the Maritime Trade of Bengal for 1931 32, p 7 

9 Aden has been treated here as an Indian j source of supply, as the salt manu 
factories there are mostly owned by the investors of Western India 
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to Bengal, the rest being paid by consumers in the adjacent pro- 
vinces which draw a part of their requirements through Calcutta 
Bengal by this estimate pays a salt bill of more than Rs 64 lakhs 
every year. 


Galvanised Iron-shcets 

Another important item on which Bengal has to pay a heavy 
amount is provided by her annual purchases of galvanised and 
corrugated iron sheets. A good part of this quantity is obtained 
from the Tata Iron and Steel Works, Ltd in Behar. The average 
amount imported annually from the latter into the Port of Calcutta 
has been estimated at 25,000 tons 10 Of this amount, Bengal may 
well be taken to consume about 75%, or about 18,750 tons, which 
are purchased, even at the present low price of Rs 218 per ton, 
at a cost of Rs 40,87,500 or about Rs. 41 lakhs. 

Raw Cotton 

Yet another heavy amount is paid by Bengal for the purchase 
of raw cotton from the Western and Southern India to meet the 
requirements of her mills and handlooms. The relevant figures 
m this regard are available from the special monthly statistics 
maintained by the Commercial Intelligence Department for 
recording the movement of the trade m raw cotton carried over 
river and rail. 11 It will be noted from the February (1932) issue of 
the publication that during the six months, from Sept 1931 to Feb 
1932, Bengal imported raw cotton from all blocks to the extent 
of about 285,000 mds , a quantity almost equal to that imported 
during the corresponding period in the previous year Deducting 
from this figure the amount of about 73,500 mds shown as the 
imports from the internal blocks of Bengal, we get the figure of 
211,500 mds as representing Bengal’s half-yearly imports of raw 
cotton from the other provinces The yearly consumption on this 

10 Vide Assembly Debates, Vol II, No 4 of 1932, dated the 24th February 
p 1162 (Mr R K Sanmukham Chetty s speech) 

1 1 Rato Cotton 7 radc Statistics issued by the Department of Commercial Intelligence 
and Statistics, Feb 1932 
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basis stands at about 423,000 mds , the value of which on an 
average price of Rs 21 per md 12 is estimated at Rs. 46,53,000, 
l e more than Rs. 46V2 lakhs. 

The totals of the values thus obtained for the imports of com- 
modities like piece-goods, salt, galvanised iron and raw cotton 
may now be grouped together as under 

TABLE III 

Values oj specified commodities imported into Bengal jrom other 

Provinces 


Commodity 

Value 


Rs 

Cotton Piece goods 

5,47,75,000 

Salt 

64,00,000 

Galvanised Iron Sheets 

40,87,500 

Raw Cotton 

46,53,000 


Total 6,99,15,500 


(or approximately Rs 7 crores) 


What is significant about the above articles is that the con- 
sumption of these in Bengal bids for an increase from year to ye<ar 
on account of the protective tariff policy of the Government and 
the present location of the indigenous sources of supply mostly 
outside the province of Bengal This policy points to the possi- 
bility of a new development regarding the increasing import of 
sugar and gur into Bengal from provinces like Behar & Orissa 
and UP 


The total Imports into Bengal jrom other Provinces 

Ignoring such future developments, the value of the 
total imports of Bengal from other provinces will be found to be 


12 This is the price calculated on the basis of an average of Rs 200/- per candy 
of 784 lbs estimated from the “Graphs showing the trend of wholesale prices 1931-32” 
published in the Indian Trade Jpurnal, dated the 7th July, 1932 
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large, amounting to more than Rs 21 crores (14 35 crores plus 
6 99 crores, being the totals of Table II and Table III) The esti- 
mate should be regarded as extremely conservative, as it does not 
take into account the consumption of articles of minor importance 

Exports of Bengal to other Provinces 

Against such imports, the total value of articles 
exported from Bengal to other provinces (omitting, of course, the 
articles of foreign imports) makes a very poor showing. In pre- 
paring this estimate, only such articles as Rice, Tea, Jute, etc of 
which Bengal is known to have an exportable surplus need be 
taken into consideration The following table has been prepared 
for this purpose and it gives a fair idea of how Bengal’s exports 
stand as against her imports m the balance of the inter-provincial 
trade 


TABLE IV 


Exports from Bengal to other Provinces (1920-21) 


Commodity 


Quantity of || t 

Net Exports Value of Exports 


Rice (not in husk) 

Less value of Net 
Imports of Rice 

(in husk) 

Jute manufactures 
Tea 

Paper (excluding Paste-board) 


Rs 9,25,92,315 

Rs 2,36,96,134 Rs 6,88,96,181 


cwt 6,172,821 
„ -1,692,581 


, 2,039,063 
, 189,168 
, 235,973 


„ 5,07,50,012 

„ 1,05,9 4,528 

27,19,460 

Rs 13,29,60,181 


The values set forth in the above table have been as a rule 
computed on the same lines as for those shown m Table II The 
net vaule of the export of rice from Bengal to other provinces has 
been ascertained by deducting from the total worth of husked 
rice exported from this Province the value of imports of rice in husk* 
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as no over-seas export was made of the latter from Calcutta in 
1920-21 Presumably, the imported rice must have been paid for 
by Bengal m such circumstances No credit has been taken for 
imports of jute and tea into Calcutta from other Provinces on the 
presumption that these were meant exclusively for export abroad 
The value of jute manufactures has been calculated by reducing 
the total weight to lbs. and estimating the number of bags from 
the latter on the standard weight of 2 ] lbs for a bag priced 8 as 
each. The price of tea has in the same way been liberally estimated 
on the basis of 8 as. per lb Of the total exports of paper to other 
provinces, only 25 per cent has been taken as the share 
of Bengal on the basis of the estimate submitted by the Titaghui 
Paper Mills Co., Ltd to the Tariff Board, stating that of the total 
imports of paper excluding paste-board, twenty-five per cent 
represents paper made or likely to be made m India. Articles 
like manufactured iron and steel and copper as well as machinery 
and mill work, of which there is a balance of export in favour of 
Bengal in the internal trade, have not been taken into account as 
most -of the factories manufacturing these articles in Bengal arc 
owned by non-Indian firms, and therefore economically speaking, 
the profits arising therefrom do not accrue to those, whose interests 
are truly identical with those of the Province. 

The spectacle provided by the last table will appear gloomy 
if it be further recognised that a good part of the profits earned 
from the trade m such articles specified m it as Jute manufactures 
and Paper goes into the pockets of non-Indian firms and investors 
m this Province. 


The Problem 

Such being the position of Bengal in the inter-provincial trade, 
the question very naturally suggests itself — “Can the finan- 
cial resources of Bengal afford to be so dangerously exhausted from 
year to year with a regular feature of her ‘debits’ standing far in 

13 Vide Report of Indian Tariff Board on the Grant of Protection to the Paper 
and Pulp Industries (193l) t p 29* 
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excess of her ‘credits’ m the mter-provmcial commercial balance- 
sheets 5 ” The question is undoubtedly associated with an 
ancillary problem pertaining to the determination of the method 
by which Bengal should be enabled to curtail her annual liabilities 
by developing her own resources Surely she would not find it 
possible to dispense altogether with imports from other provinces, 
at least m respect of those articles, the production 01 manufacture 
of which m Bengal is handicapped by some natural disadvantages 
But still, there are some other articles, which can be manufactured 
m Bengal and to which she should turn for attaining self-sufficiency 
with a view to improve her economic position Such self- 
sufficiency should be attainable at least in respect of piece-goods, 
salt and raw cotton, if only the necessary degree of interest, energy, 
and determination of the people of the Province and the Govern- 
ment be brought to bear on the same The potential scope foi 
improvement to be secured to Bengal by this method is great 
indeed, as the attainment of self-sufficiency m respect of the three 
articles alone would enable this Province to effect a saving to the 
tune of 6 58 crores 


21 



Sunyavada in Sabara=Bhasya 

Bi Ganganatha Jha (Allahabad) 

There has been some confusion of thought in regard to the 
exact position of the two sections which have been called by the 
editors from ancient times, NiralambanaVada and Sunyavada , 
which has led to the idea (a) that the portion of the Bhasya preced- 
ing the words Sunyas tu deals with the doctrine of Idealism that 
there is no real object in the external world, hence all cognition is 
baseless, — and ( b ) that with the words Sunyas tu the Bhasya in- 
troduces the doctrine of Nihilism, that nothing, not even Idea, 
exists. But this interpretation of the Bhasya is entirely wrong 
From the last verse of the so-called Sunyavada section of the 
SloTiaVartika it is clear that the whole of that section is meant to 
establish the reality of the external object, m confutation of the doc- 
trine of Idealism, and the only argument in refutation of the doctrine 
of Nihilism is that ‘ ‘when the reality of the external object cannot be 
denied, it is all the more unreasonable to deny the reality of the 
Idea or Cognition”, so that the Madhyamika doctrine of Sunya- 
vada is not what is meant to be directly introduced or attacked 
m the Bhasya beginning with the word Sunyas tu, which, m 
reality, is only a continuation of the refutation of the doctrine that 
there is no real external object This is made clear by the section 
of the Bhasya concluding with the words Ato na niralambanah 
pratyayah, for this reason, cognition is not devoid of a real 
substratum. The Brhati clearly says, “It should not be thought 
that the section of the Bhasya preceding the word Sunyas tu has 
refuted the denial of the real external substratum of Cognitions, 
and the section beginning with Sunyas tu proceeds to deal with 
the Madhyamika doctrine of Nihilism, because the sunyata, 
‘voidness’ , spoken of in the Bhasya is meant to be the voidness of 
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the Cognition itself — 1 e. the cognition is devoid of a real subject, — 
and it is not that the Idea or Cognition itself is denied.” — Accord- 
ing to Kumarila (Slouch ti\a, SunyaVada, verse 3), the question 
discussed m the Bhasya beginning with Sunyas tu is — “Is it a 
fact that Cognition is able to function only when such objects as 
the pillar and the like have an existence m the external world — or 
is it that Cognition rests m itself as the object cognised, and not in 
any object extraneous to itself”^ So according to this also, the 
Bhasya does not introduce here a discussion of the Madhyamika 
doctrine of Nihilism. 



Photosynthesis m Laboratory 

B\ Muzaffarucldm Qureshi (Hyderabad) 

Photosynthesis or the process of carbon-assimilation taking 
place m plants under the influence of solar energy is one of the 
most fundamental processes of nature Its importance is too 
obvious to need any comment Our own life depends ultimately 
on the great variety of substances manufactured by the plant with 
the help of solar energy, namely carbohydrates, oils, proteins, 
glucosides, vitamins etc How this process takes place in the 
laboratory of the green leaf is one of those fascinating problems, 
which have so far defied the ingenuity of scientific workers A’ 
number of hypotheses, some of which are modifications of the so- 
called formaldehyde theory, originally put forward by Baeyer, 
have been advanced to explain the mechanism by which this 
important change, 1 e , the conversion of carbon dioxide into 
carbohydrates is brought about m nature But none of these, not 
even the formaldehyde theory, which has appealed to many by 
reason of its striking simplicity, satisfies the conditions of an estab- 
lished hypothesis Photosynthesis is still a mystery. Nonetheless, 
these hypotheses have served a very useful purpose m stimulating 
experimental work, particularly in the direction of the artificial 
photo-reduction of carbon dioxide to formaldehyde and carbohy- 
drates It is the object of this short paper to give a brief summary 
of the work done in this direction This will include only such 
atempts as have been made to reduce carbon dioxide m aqueous 
solutions with the help of visible and ultraviolet light and with and 
without the presence of catalysts or absorbing surfaces Those 
investigations in which atomic or nascent hydrogen has been 
employed to reduce carbon dioxide are excluded from this survey, 
for the simple reason that the conditions are not the same as m the 
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natural process There is no definite experimental evidence to the 
effect that nascent hydrogen is produced m the leaf as the result 
of illumination by the rays of the sun Moreover, the reduction 
of carbon dioxide by means of nascent hydrogen is an ordinary 
dark reaction which does not seem to be influenced by light 1 

The first definite attempt to reduce carbon dioxide in aqueous 
solution m the absence of hydrogen was made by Ushei 
and Priestley, 2 who claimed to have obtained formaldehyde by 
exposing aqueous solutions of carbon dioxide m quartz tubes to 
ultraviolet light Moore and Webster 3 found formaldehyde when 
aqueous solution of carbon idoxide were exposed to light m the 
presence of various inorganic catalyst, such as ferric oxide, uranic 
salts etc Baly and Heilborn and Barker 1 also detected formalde- 
hye on exposing aqueous solutions of carbon dioxide to ultraviolet 
light When rays of 200 were employed, formaldehyde was 
found, but with rays of 290 ^ and more it polymerised to redu- 

cing sugars The experiments of Moore and Webster and Baly 
and Heilborn were repeated by Spoehr, 0 Baur and Rebman 0 and 
Baur and Buchi, 7 but no formaldehyde was detected Porter and 
Ramsperger s repeated the experiments taking every possible care 
to prevent contamination of the materials No trace of aldehyde 
or reducing sugars was obtained even after 60 hours’ exposure 
Baly and his co~workers B m a subsequent publication mention 
hexose as the primary product of the action of ultraviolet light on 
aqueous solutions of carbon dioxide, which is produced m very small 
quantities as the result of the establishment of a photo-stationary 
state represented by the following equation 1 — 

6CO z + 6H 2 0 ^ C s H jz 0 6 + 60 2 

The presence of oxidisable impurities would favour the 
forward reaction and more hexose will appear, which will further 
decompose m ultraviolet light to give delectable quantities of 
formaldehyde Inspite of the ingenuity of the explanation, the 
question of the source of formaldehyde detected m Baly’s experi- 
ments still remains undecided It remains to be proved that the 
formaldehyde obtained m these experiments was the result of the 



166 


Muzaflaruddin Qureshi 


photo-chemical decomposition of hexose and not of the oxidisable 
impurities themselves. 

The writer m collaboration with Mr S S Mohammad 10 has 
also performed some experiments m this connection In one series 
of experiments conductivity water, through which a rapid current 
of carbon dioxide was passed, surrounded a mercury-vapour lamp 
of the immersion type Exposures up to 24 hours failed to reveal 
any trace of formaldehyde or sugars It may, however, be 
mentioned that in one of the experiments a positive test for 
carbohydrates was obtained, but this was later found to be due to 
small particles of cork which had fallen down into the solution. 
When experiments were repeated without the cork, no carbohydrate 
was detected. This incident throws some light on the probable 
causes of discrepancy m the literature cited above. In order to 
guard against the possibility of formaldehyde decomposing 
as soon as it is formed, another series of experiments were 
performed using mono-chromatic radiations of 313 , and 

254 f 1 P respectively. In no case formaldehyde or sugar was 
detected. 

Dhar and Sanyal 1 - claimed to have obtained formaldehyde by 
passing carbon dioxide through pure water and solutions of methyl 
orange, methylene blue, chlorophyll, ferric chloride, uranyl salts 
etc m the tropical sun-light Burk in America, 12 using sun-light 
of varying intensity failed to substantiate these results Dhar and 
Gopal Rao 13 repeated their experiments and confirmed their original 
claims We 14 have tried to seek formaldehyde under the 
influence of sun-light m Hyderabad, but it has once again evaded 
us. Experiments were performed with and without catalysts, in 
sun-light as well as artificial light from an incandescent lamp of 
500 c p with special attention to the purity of the materials 
employed and the arrangement of the apparatus. A large number 
of experiments was performed, but not a single experiment yielded 
positive tests for formaldehyde or sugar This led us to undertake 
a thorough examination of the various tests employed for 
the detection of formaldehyde This examination revealed that 
Buchanan-Schryver test is the most sensitive and reliable of all the 
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tests. It is capable of detecting one part formaldehyde m 
1 ,000,000 parts water within one second, while Schiff’s reagent 
does not develop colour with the same concentration of formalde- 
hyde even after the expiry of several hours Another point to be 
noted m this connection is the influence of the varying quantities 
of hydrochloric acid on the development of colour in the Schryver 
test We have been able to determine the optimum concentration 
of hydrochloric acid with extremely dilute solutions of formalde- 
hyde, varying the amount of hydrochloric acid added and noting 
the time required for the appearance of pink colour. It was found 
that for a 1 0 c c solution of formaldehyde containing 1 part m 1 0 7 
water, the time required for the appearance of colour decreases 
with increase in the quantity of acid, until it is about one second 
for 3 c c. of hydrochloric acid. On increasing the quantity of acid 
beyond 3 c.c., the time required for the appearance of colour 
becomes nearly constant In these experiments, control tests were 
carried out with pure conductivity and distilled water It may also 
be pointed out that even with conductivity water light purple colour 
develops after 24 hours. With Schiff’s reagent the influence of 
hydrochloric acid shows itself in a different way. It retards the 
appearance of colour, but at the same time if hyrodrochloric acid is 
absent or present m very low concentration, colour appears even 
with simple water. We found that the amount of hydrochloric acid 
added should not be less than 1 c c, for 10 c c. of a solution con- 
taining 1 part formaldehyde m 500,000 parts water. 

It is known that gases become extraordinary active when they 
are adsorbed on a surface Something similar happens when they 
are mechanically broken up into fine bubble on being forced through 
filter-thimbles, as shown by Zenghhs 1,J m a beautiful series of 
experiments. Hydrogen and carbon dioxide, m this condition, 
form complex organic compounds when exposed to ultraviolet 
light From such considerations and also from analogy of the 
natural process, which is undoubtedly a heterogenous reaction 
Baly was led to the idea that a surface capable of adsorbing carbon 
dioxide might be helpful m promoting the photochemical reduction 
of carbon dioxide. The results of experiments conducted on these 
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lines by Baly and his co-workers’ r ' are set out m three papers 
published in the Proceedings of the Royal Society 

In the words of Baly, when an insoluble powder, capable of 
adsorbing carbon dioxide on its surface, is suspended m water 
through which is maintained a stream of carbon dioxide and the 
whole is exposed to ultraviolet light, complex organic compounds 
of the nature of carbohyrdatcs are formed These may be 
recovered by evaporation of solution after removal of the insoluble 
powder. The powders used in ultraviolet light were aluminium 
powder, barium sulphate, freshly prepared aluminium hydroxide 
and the basic carbonates of aluminium, magnesium and zinc The 
quantity of organic matter obtained by exposing 720 c c of water 
containing the powder to the light of a 220 volt U-shaped quartz 
lamp at a distance of 6 cm for two hours, was about 0 02 gm It 
charred readily when heated alone or with concentrated sulphuric 
acid, reduced Benedict’s solution after hydrolysis with hydrochloric 
acid, gave Molisch reaction and formed a solid osazone Similar 
results were obtained by the use of coloured powders and the visible 
light The powders used were basic carbonates of nickel and 
cobalt After an exposure of two or three hours to the light of 
an ordinary tungsten lamp, a gummy residue was obtained which 
gave all the tests for carbohydrates The yield of organic matter 
for equal areas of the suspension was greater in this case than 
in previous experiments, where white powder and ultraviolet light 
were employed It was further discovered that intense and pro- 
longed illumination leads to the poisoning of the surface and 
reduced rates of photosynthesis With complete poisoning 
photosynthesis ceases and carbohydrates begin to decompose 

The carbonates were prepared by adding a cold solution of 
cobalt or nickel nitrate to a cold solution of potassium carbonate 
slightly in excess The precipitate was repeatedly washed with' 
distilled water, ground with a small quantity of water, steamed 
and then filtered and washed, until it was completely free from 
alkali The powder so prepared rarely gave good lesults It 
required activation, which was achieved either by heating the dry 
powder at 120°-140° for 20 to 30 minutes or exposing it to white 
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light for 30 minutes In latei experiments 17 nickel carbonate 
prepared electrolytically and activated by exposure to white light 
for six hours was employed. Very rigid precautions were taken 
against the possible presence of organic impurities in the materials 
employed. Control experiments carried out exactly under the 
same conditions but protected from light gave negative results. 
Control tests alone numbered more than two hundred In ordei to 
get a greater amount of active surface, Baly conceived the idea of 
depositing basic carbonate of nickel and carbonate on alummated 
kieselguhr The experiments perfomed with these supported 
catalysts have been reported by Baly in the Discussions of Faraday 
Society, held m 1931 1S Baly claims to have obtained 0 0025 gm 
of photosynthesised organic matter per gram of powder m two 
hours exposure Ferric and chromium hydroxide supported on 
alummated kieselguhr have also been tried and found active photo- 
synthetically. 

The anouncement of these results has led those who are 
interested in this field of research to repeat the experiments of Baly 
and his co-workers Highly intciestmg and important though they 
are, they still lack confirmation Bell m England 11 on repeating 
the work and taking every possible precaution to avoid contamina- 
tion of the materials employed, fails to obtain any indication of 
photosynthesis Paul Scheile Jr m America 20 comes to the same 
results, although he has taken all the precautions mentioned by Balj' 
m his papers referred to above We have also lepeated these 
experiments with all possible precautions about the purity of the 
materials, particularly the carbon dioxide employed So far as the 
experiments with carbonates of nickel and cobalt piepared 
chemically by the method given by Baly are concerned, the results 
are all negative There is practically no difference between the 
residues obtained from suspensions exposed to light of different 
intensities and those kept m the dark as controls. Further experi- 
ments with nickel carbonate prepared electrolytically and activated 
by exposure to light are m progress and will be reported in due 
course. 

From what has been mentioned above, it is quite clear that 

22 
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up to the present moment, all attempts to reduce carbon dioxide 
m aqueous solution to formaldehyde or sugars with the help of the 
radiant energy have resulted in complete failure or at best in uncon- 
firmed claims One of the causes of failuie is the selection of 
experimental conditions regardless of the fact whether the radiant 
energy employed is capable of bringing about the desired change 
This is particularly true of those experiments in which ultraviolet 
light has been employed to reduce carbon dioxide in aqueous solu- 
tions m the absence of any adsorbing surface. Theoretical 
considerations lead to the result that radiations of wave-legth longer 
than 255 A do not contain sufficient amount of energy to reduce 
carbon dioxide to formaldehyde or sugar Next experiments 
should, therefore, be conducted with radiations of wave-lengths 
shorter than 255 F- , and to reduce the chances of failure 
monochromatic radiations should be employed With regard to 
those experiments in which suspensions of adsorbing powders and 
visible light have been employed, the case is a little different 
Here, it is believed that a carbonic acid molecule receives a double 
activation, first throguh adsorption on the surface and afterwards 
through the adsorption of radiant energy Taking into considera- 
tion the fact that photosynthesis m vivo is, to all appearance, a 
heterogeneous reaction taking place on the surface of the 
chloroplast m the leaves, this mode of attack is full of possibilities, 
provided one succeeds m obtaining surfaces approaching to some 
extent in activity the surfaces existing in the cells of the leaf 
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Appreciation on behalf of the Education Department, Bengal 
communicated by the Director of Public Instruction 


Sir Prafulla Chandra Ray joined the Presidency College, 
Calcutta, as a Professor of Chemistry in the year 1 889, and when 
he published his first paper on the Nitrites of Mercury m the Journal 
of the London Chemical Society m the year 1896, the scientific 
world suddenly and with a pleasant surprise became conscious of 
the fact that the long and gloomy night of India’s inactivity and 
inertness m the domam of Science was fast drawing to an end, and 
that India had also something to contribute to the glorious achieve- 
ments of Modern Science which was being pursued with unique 
energy, perseverance and devotion by the western nations It 
not only marked the end of India’s dark age of ignorance and 
stagnation, but also clearly indicated the happy re-awakenmg of 
the genius of originality as well as of creative energy m a people 
whose natural growth and development had unfortunately become 
arrested m course of time 

His ‘History of Hindu Chemistry’ which is a masterly produc- 
tion of his profound scholarship, untiring energy and indefatigable 
labours, and his valuable contributions to Chemical Science, then 
followed in quick succession and in kaleidoscopic colour, and his 
originality, great personality, saintly character and unique devo- 
tion to Science soon created m the Chemistry Department of the 
Presidency College an atmosphere of scientific research and 
unceasing quest for scientific truth, which fostered the rapid growth 
and development of an Indian School of young investigators in the 
field of Chemistry, who have now succeeded in securing due recog- 
nition in the scientific world Prafulla Chandra worked m the 
Chemical Laboratory of the Presidency ^College for over twenty- 
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seven years, turning out every year two or three young and enthu- 
siastic workers m the field of Science, well-equipped and well- 
trained for original investigation, imbued with the spirit of research 
by hi? master mind, and keen on devoting themselves to the pursuit 
of Science. 

His many-sided activities and researches in the domain of 
Chemistry contributed not a little to raise both the Presidency 
College and the University of Calcutta m the estimation of the world 
outside as important centres of advanced learning and research 
His name will also go down to posterity as the founder of important 
chemical industries m Bengal, which are indebted so largely to 
him for their development. He will always be remembered as 
an ideal of plain living and high thinking, a great savant in the 
sphere of Science, an inspiring teacher m the educational circle, 
a kindly benefactor of students, a constant friend of suffering 
humanity, and, above all, as a devoted son of Mother India possess- 
ing such wealth of culture and strength of character as alone 
will go far towards ensuring India’s rightful place in the hierarchy 
of nations 

May God grant him many more years of health and activity 
to continue to teach and guide the youths m the path of intellectual 
greatness, scientific research, true assimilation of the East and the 
West and disinterested service to humanity f 


R. N. Sen 

Principal, Knshnagar College 



The Racial Origins of the Bengali 

Hi B S Gulia (Calcutta) 


The racial classification of the people of Bengal on a scientific 
basis was first attempted by the late Sir Herbert Risley m 1891 in 
his preliminary edition of the “The Tribes and Castes of Bengal” 
In this work he advanced his well known theories of the origins of 
the Imdan people and characterised the Bengali as ‘ ‘a blend of the 
Mongolian and Dravidian elements with a strain of Indo-Aryan 
blood in the higher groups” The term “Mongolo-Dravidian” 
was applied to this composite type and the bulk of Orissa and the 
whole of Bengal extending to the Himalayas in the north, Assam 
on the east, and the hilly country of Chota Nagpur on the west was 
suggested as its habitat The people selected as representatives of 
this type were the Brahmins, Kayasthas, the Rajbansi Maghs of 
Chittagong, the Mals of Bankura, Midnapur, and the Kochs of 
Jalpaiguri and Rangpur 1 

In order to determine the truth or otherwise of Risley’s theories 
two things have mainly to be taken into consideration, namely . — 

(1) How far can the groups mentioned above be regarded as 
representatives of the Bengali people and 

(2) the amount of truth underlying Risley’s interpretations. 

There is no doubt that the Brahmins and Kayasthas constitute 

the upper classes of the Bengali people but can we say the same 
of the remaining three tribes selected by Risley ^ For instance the 
Rajbansi Magh who lives m the hill tracts of Chittagong and is one 
of the three endogamous divisions of the Magh tribe originally came 
from Arakan and are really Indo-Chinese m race. 2 Their social 

1 The People of India by Sir H Risley (Calcutta 1915), pp 33-42 

2 The Tribes and Castes of Bengal by H Risely, vol II (Cal 1891), pp 28 30 
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organisation and clan names bear unmistakable proofs of their 
origin and if further corroboration is necessary it is amply given by 
such names as, Ahong, Sepotang, Pongdung, Thapasu, Thamga 
etc , 3 of the men measured under Risley’s instructions at Ranga- 
mati (headquarters of the Hill Tracts) that though long settled m 
the Chittagong district they still retain their tribal character 

Similarly the Mals now settled in Bankura, Birbhum etc , as 
Risley himself admits, migrated from the Rajmahal Hills and are 
ethnically identical with the Mai Paharias, Males etc of the Santal 
Parganas . 4 

Lastly about the Rajbansi Kochs of North Bengal it is well 
known that they are the descendants of the great Koch tribe who 
conquered North Bengal Most of the men measured by Risley 
have names such as Paia, Lethru, Lobu, Almga, Enna, Tandu, 
Lobai 5 6 etc which are certainly not Bengali Col Waddel who 
himself measured a large number describes them as “distinctly 
mongoloid” 0 

From the foregoing statements it will appear that all these 
tribes are admittedly of foreign origin though now settled for some- 
time m the outlying districts of Bengal and cannot be regarded as 
true samples of the Bengali population Any conclusions based 
on measurements of these people therefore are ipso facto inappli- 
cable to the latter 

When the somatic char act eis are considered it is found that the 
Mals, like their kinsmen the Mai Paharias and Males of the Santal 
Parganas belong to what in the absence of a better term has been 
called the “Proto-Australoid” race, with short stature^ long head 
and very broad and depressed nose. The Rajbansi Maghs on the 
other hand are broad-headed with flat nose and very highly develop- 
ed check bones The absence of hair on the face, and body and 
the half open slanting eye with epicanthic fold are unmistakable 

3 Tribes and Castes of Bengal — Anthropometric data, vol I (Cal 1891), pp 206 212 

4 Tnbes and Castes of Bengal, vol 2, p 46 

5 Anthropometric data, vol I, pp 166-171 

6 J A S B , vol lxix, m p 190 
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characteristics of the Mongoloid races The Kochs of Northern 
Bengal occupy an intermediate position so far as the head-shape 
is concerned but m their facial features they share the Mongoloid 
traits of the Magh. 

A comparison of the Brahmins and Kayasthas of Bengal 
with the above shows (I) that unlike the first, these two 
tend towards round-headedness and possess a long pro- 
minent nose, the mean nasal index being 70 35 (Lep- 
torhme) against 84 7 (Platyrhine) of the Mals. (2) Though 
less broad-headed than the Maghs they have neither their 
depressed broad nose (N I 82 7) nor the flatness of the face, 
the mean bizygomatic breadth being 128 mm against 137 8 of the 
latter and 132 mm of the Koch. By no known laws of human 
heredity could miscegenation between these two races with flat, 
broad nose and face give rise to leptorrhmy of the Brahmins and 
Kayasthas of Bengal Besides the special traits which are distinc- 
tive of the Mongoloid races, namely, paucity of facial and bodily 
hair, the presence of a fold covering the inner canthus of the eye 
are not characteristic of the former The Bengali type as represent- 
ed by the Brahmins and Kayasthas, therefore, could not be derived 
from admixture of the tribes mentioned by Risley Its kinship 
and origins must be sought elsewhere 

A survey of the physical characters of the present population 
of India shows that all along the western coast from Guzrat down 
to Coorg there is a concentration of brachycephahc Alpine type 
This element is predominant among the Guzrati, Marathi, Kanarese 
and Coorgi. 

From the facts at our disposal this brachycephahc element does 
not appear to have penetrated into Malabar but was deflected slight- 
ly eastwards to Tamil Nadu in its movements down the south of 
the Deccan plateau This movement was apparently directed 
southwestwaras m the mam , its presence among the Telegu people 
of the north-eastern coast being not strongly felt 

In Upper India, the whole of the Punjab and the Gangetic 
valley up to Benares do not disclose the presence of this type in any 
.appreciable degree but from Behar eastwards we find the gradual 
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increase of a broad-headed element whose maximum intensity is 
found m the population of Bengal 

In attempting to account for this bracycephalic factor m the 
western and eastern parts of India, Risely supposed the presence 
of a Mongolian element in the East and a Scythian element m the 
West There is no historical evidence for the existence of the 
former m the Deccan, and as we have just seen it cannot 
be explained by the presence of a mongoloid element m Bengal 
In a very suggestive paper m the Indian Antiquary 7 Prof D 
R Bhandarkar has shown the identity of a large number of 
surnames of the Nagar Brahmins of Guzrat and the Kayasthas of 
Bengal such as Mira, Ghose, Dutta, Nag, Pal etc A comparison 
of the physical characters of these two castes therefore is instruc- 
tive The Anthropometric measurements taken by the late B A 
Gupte 8 under the directions of Risley show that the mean stature 
of the Nagar Brahmins is 1643 mm against 1636 mm of the 
Bengali Kayasthas, i e a difference of only 7 mm or less than one- 
third of an inch The mean cephalic and nasal indices of the 
former are 79 7 and 73 1 against 78 2 and 70 3 of the latter Further 
when the data are analysed it is found that 63% of the Nagar 
Brahmins are bracycephalic and 53% leptorhine against 60% 
brachy cephalic and 71 % leptorhine of the Bengali Kayasthas 

The obvious explanation of this kinship, physical and 
cultural between the people of Guzrat and Bengal would no doubt 
have occurred to Risley if (1) he had taken into consideration the 
head form of the Mongoloid tribes bordering on Bengal and (2) the 
possibility of a racial bridge between the two regions through the 
Central Indian Plateau. 

(1) An examination of the physical characters of the Mongoloid 
tribes along the boundaries of Bengal shows that the tribes living in 
the Brahmaputra Valley, and the Garo, Lushai and Naga Hills 
strongly incline towards dolichocephaly , the brachy element 
predominating along the Sikkim, Nepal borders and m the Chitta- 

7 Indian Antiquary 1911, pp 7-37 

8 Anthropometric data from Bombayi Cal 1907. 
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gong Hill Tracts in Bengal the concentration of the broad-headed 
element is in the Central or Deltaic region with gradual decrease 
towards the north and east The origin of the Bengali brachyce- 
phaly therefore cannot be sought m them 

(2) In Risley’s days not much was known of the somatic 
characters of the inhabitants of Central India and it was thought 
that the prevailing type was what Risley called “Dravidian”, 1 e 
the Veddaic or Proto-australoid type as represented by the Mals 
and Mai Pahanas of Manbhum, Singbhum etc 

In a recent survey undertaken by the present writer (a full 
account of which will be published later) to trace the possible routes 
of migration between the west and the east, remnants of 
brachycephalic elements were found throughout the Malwan 
Plateau as far as Rewa 1 e , 83° East longitude, and from 
the evidence collected, there is no reason to doubt the existence of 
a racial bridge at one time, through the Central Indian highlands 
The possibility of the occurrence of a second route from the 
Deccan northwards into Bengal through Andhra and Orissa does 
not appear to be very strong, for the reason already mentioned that 
the main drive of the brachycephalic element through the Indian 
peninsula appeared to have gone south-east to the Tamil country 
leaving the Andhras of the north comparatively untouched 

If the racial history of Bengal is linked with that of Guzrat m 
the way indicated above much of the perplexities of the situation 
will have disappeared and no recourse need be had to a supposed 
Mongoloid strain to explain the brachycephalic element among the 
Bengalis 



The Spirit of Exploration and Ad\enture 
in Ancient India 

11% n C Majumdir >1 


'An indomitable and reckless spirit of exploration and 
adventure is a characteristic feature of all progressne nations. 
The recent attempts to explore the Polar regions and the E\ crest 
arc typical examples of that spirit It is now regarded as a mono- 
poly of European nations, and its beginnings max be traced to 
the wonderful geographical disco\ cries of Columbus, Cook and 
many others The Indians arc lamentably lacking in this spirit 
to-day and most people arc apt to suppose that they have always 
been so This is, howexer, contradicted by known facts of 
history, and I propose to bring together in this short paper a fcw r 
interesting data to refute this crioncous view’ 

It is now’ an established fact that the Hindus had explored, 
among others, the w’holc of the Pacific regions up to New’ Guinea, 
during the early centuries of the Christian era We may easily 
imagine tiic dangers and difficulties of navigation in uncharted 
seas by means of primitive wooden boats The lure of the 
unknow’n must have been strong indeed, m order to induce the 
Indians to brave these perils of the sen What these perils are 
has been very vividly described in man} ancient folk-stories 
preserved in Hindu and Buddhist literature It is not difficult to 
look beyond the imaginary fiamcw’ork of these stories and catch 
a glimpse of the reckless spirit of venture that forms the real back- 
ground of these works of fiction, fortunately, w r c possess at 
least one sober account of an cyc-w’itness that may give us some 
idea of the dangers and difficulties cheerfully faced by Indians 
times without number in their enthusiasm to explore the unknown. 

The eye-witness is no less a renowned figure than the Chinese 
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pilgrim Fa-hien. He “took passage m a large merchantman, 
on board of which there were more than 200 men, and to which was 
attached by a rope a smaller vessel, as a provision against damage 
or injury to the large one from the perils of the navigation With 
a favourable wind, they proceeded eastward for three days, and 
then they encountered a great wind The vessel sprang a leak 
and the water came m The merchants wished to go to 
the small vessel , but the men on board it, fearing that too many 
would come, cut the connecting rope The merchants were 
greatly alarmed, feeling their risk of instant death Afraid that 
the vessel would fill, they took their bulky goods and threw them 
into the water Fa-hien also took his pitcher and washing-basm, 
with some other articles, and cast them into the sea, but fearing 
that the merchants would cast overboard his books and images, 
he could only think with all his heart of Avalokitesvara Buddha 
and commit his life to (the protection of) the church of the land of 
Han, (saying m effect), ‘I have travelled far m search of our Law 
Let me, by your dread and supernatural (power), return from my 
wanderings, and reach my resting place ’ 

“In this way the tempest continued day and night, till on the 
thirteenth day the ship was carried to the side of an island, where 
on the ebbing of the tide, the place of the leak was discovered, and 
it was stopped, on which the voyage was resumed On the sea 
(hereabouts) there are many pirates, to meet with whom is 
speedy death The great ocean spreads out, a boundless expanse 
There is no knowing east or west, only by observing the sun, 
moon and stars was it possible to go forward If the weather 
were dark and rainy, (the ship) went as she was carried by the 
wind, without any definite course In the darkness of the night, 
only the great waves were to be seen, breaking on one another, 
and emitting a brightness like that of fire, with huge turtles and 
other monsters of the deep (all about) The merchants were full 
of terror, not knowing where they were going The sea was deep 
and bottomless, and there was no place where they could drop 
anchor and stop But when the sky became clear, they could tell 
east and west, and (the ship) again went forward in the right direc- 
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tion. If she had come on any hidden lock, there would have been 
no way of escape. 

“After proceeding in this way foi inthci moic than ninety days, 
they arrived at a countiy called Java-dvipa, where vaiious foi ms 
of error and Brahmanism arc flourishing, while Buddhism m it 
is not worth speaking of Aflct staying theic foi five months, 
(Fa-hien) again embarked m anothci laigc mci chant man, which 
also had on board moic than 200 men They carried pro- 
visions for fifty days, and commenced the voyage on the sixteenth 
day of the fourth month. 

“Fa-hien kept his retreat on board the ship. They look a 
course to the north-cast, intending to icach Kwang-chow. After 
more than a month, when the night-drum had sounded the second 
watch, they encountered a black wind and tempestuous rain, 
which threw the merchants and passengers into consternation. 
Fa-hien again with all lus heart directed his thoughts to Avaloki- 
tesvara (Buddha) and the monkish communities of the land of Man , 
and, through their dread and mysterious protection, was preserved 
to day-break. After day-break, the Brahmans deliberated togethci 
and said, ‘It is having this 6ramana (Buddhist bhikshu) on board 
which has occasioned our misfortune and brought us this great and 
bitter suffering Let us land the blukshu (monk) and place him on 
some island-shore We must not for the sake of one man allow 
ourselves to be exposed to such imminent pciil’. A pulton of Fa- 
hien, however, sa*d to them, ‘If you kind the bhlrhu, you must at 
the same time land me; and if you do not, then you must kill m< . 
If you land this Sramana, when I gel to the kind of Man, I will go 
to the king, and mfoim against you. The king also rcvcics and 
believes the Law of Buddha, and honours the bhikihus ’ The 
merchants hereupon were perplexed, and did not dare immediate- 
ly to land (Fa-hien). 

“At this lime the sky continued very dark and gloomy, and 
the sailing-masters loked at one another and made mistakes. 
More than seventy days passed (from their leaving Java), and the 
provisions and water were nearly exhausted. They used the salt- 
water of the sea for cooking, and carefully divided the (fresh) water, 
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each man getting two pints Soon the whole was nearly gone, 
and the merchants took counsel and said, ‘At the ordinary rate 
of sailing we ought to have reached Kwang-chow, and now the 
time is passed by many days , — must we not have held a wrong 
course Immediately they directed the ship to the north-east, 
looking out for land , and after sailing day and night for twelve 
days, they reached the shore 

This vivid description, to which others might be easily added, 
would give us some insight into the perils and hardships of the sea- 
voyage, even after it had been regularly practised for more than 
five hundred years But the difficulties did not cease with the sea- 
voyage Beyond the unknown sea lay the teira incognita which 
was their next object of exploration The terrors and dangers of 
this land-route are referred to m a Buddhist work called Niddesa, 
a commentary on Sutta-mpata, and a text belonging to the Pah 
canon While commenting on the word “pariliissati” (is 
tormented) the commentator takes the opportunity to refer to the 
various kinds of torments to which men are subjected Among 
others he mentions, how, overpowered by lusts and desires, and 
with a view to seek enjoyment, men cross the ocean m boats, suffer- 
ing from storm, heat and cold, and mosquito and snake-bites, etc 
Then follows a long list of countries which these men visit after 
this ardous sea-voyage The list includes a number of sea-ports 
from Java on the east to Alexandria on the west After reaching 
these sea-ports men seek to reach the interior and the commentator 
gives a list of the difficult routes which they have to follow These 
are 

(1) Marukantara 

(2) Jannupatha ( = ’ s !& lk 9 i ! 0 

(3) Ajapatha ( = ^3? ^ ) 

(4) Mendhapatha (=C 5 I t ^ ) 

(5) Sankupatha ( = *lft ) 

(6) Chattapatha ( = !^ *Pl ) 

(7) Vamsapatha ( = 3\*t ) 

(8) Sakunapatha ( = ) 

(9) Musikapatha ( = S[f^ ) 
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(10) Daripatha ( = ) £ 

(11) Vettadhara ( = 

These terms would at first appear somewhat enigmatic But 
their precise meaning becomes clear partly by a further commentary 
(saddhammappajotika) and partly by the occurrence of some of 
them m the very interesting story of the merchant Sanudasa as 
narrated m Brhatkatha-sloka-samgraha We begin with this 
study first and quote the summary from La Cote’s Essay 
on Gunadhya 

“Sanudasa joins the gang of the adventurer, Acera, who is 
preparing an expedition to the land of Gold (Suvarnabhumi = Far 
East) They cross the sea and land at the foot of a mountain 
They climb up to the top by catching hold of creepers This is 
the “creepers path ’’ On the plateau there is a river which 
changes into stone everything that falls into it They cross it by 
holding on to the bamboos which overhang the banks This is 
‘the bamboos path “ Further on they meet a narrow path 
between two precipices They light a fire with wet branches , the 
smoke attracts some Kiratas who come and propose to sell them 
some goats , the adventurers get on those goats, the only animals 
sure-footed enough to be able to follow the narrow edge without 
feeling giddy This is “the goats path “ The adventurers do 
not come to the end of it without some difficulty as another gang is 
approaching from the opposite direction A struggle ensues but 
Acera’s troops are able to pass through after having thrown their 
enemies into the ravines Sanudasa begins to feel indignant at 
the fierceness of the gold-seekers Acera orders his followers to 
slay the goats and to put on their skins with the inside out Huge 
birds will mistake those men for a heap of raw meat, come and 
carry them away to their aerie It is there the gold is ' Sanudasa 
attempts to save the goat he was riding but his companions are 
pitiless. Everything takes place as Acera had foretold but the 
bird which carries off Sanudasa is attacked by another bird which 
atempts to steal his prey The goat’s skm bursts open and 
Sanudasa falls m a tank which is m the heart of a luxuriant forest 
The next day he comes to a river the banks of which are of golden 
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sand , near by there is a hei milage from which a hermit comes 
out.” 

The story thus explains Ajapatha (No 3) and Vamsapatha (7) 
and the episode of Sanudasa being carried aloft by a huge bird 
evidently explains the Sakunapatha (8) Mendhapatha (4) 
obviously is to be explained m the same way as Ajapatha, substitut- 
ing ram for a goat The Vetrapatha is added m the story and may 
correspond to Vettadhara or Vettacara (11). 

The commentary explains Jannupatha (2) as the way where 
one has to crawl on knees and Marukantara, as a sandy desert 
where one has to travel at night by the guidance of stars alone 
On Sankupatha it gives a long explanatory note, describing the 
means by which a man could ascend a mountain An iron hook 
attached to a rope of skm is thrown up till the hook is fixed up 
in the mountain Having climbed up the rope the man makes a 
hole m the hillside with a diamond-tipped iron instrument and 
fixes a spear Having caught hold of this he detaches the hook 
and throws it aloft again, till it is again fixed up m the mountain 
Then he ties the rope to the spear, and having caught hold of 
the rope with one hand strikes it by a hammer with the other hand 
till the spear is detached Then he climbs up again, again fixes 
the spear and repeats the process till he ascends the top of the 
hill 

Chattapatha is explained m the commentary as the way where 
one jumps down from a precipice with an open parasol (Chatta = 
Chatra) made of skm, and descends slowly to the ground 
on account of the resistance of the air In other words it involves 
the principles of parachute 

The Musikapatha (9) and Daripatha (10) are not explained 
by the commentary and cannot be exactly understood They 
evidently refer to some process like tunnelling 

References to these extraordinary routes are not confined to 
the two texts mentioned above They are met with m the 
V imanavatthu , the Jatakas, Mihnadpanha, Katyayana s Vartika 
and Ganapatha None of these, however, mentions a large 
number of them, and the Puranas alone add a new one, Khara- 
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patha, which is evidently to be explained in the sam^ way as Aja- 
patha, substituting ass (Khara) for goat (aja) 

It is to be noted that Katyayana associates these ways with 
merchants, and Mihndapanho agrees in a way, substituting seekers 
of wealth for merchants The Vimanavatthu definitely associates 
them with oversea countries, agreeing in this respect with Niddesa 
and Vrhatkathaslokasamgraha The Puranas also mention them 
m connection with countries outside India 

The references to these extraordinary routes in so many 
ancient texts constitute the most interesting evidence of the spirit 
of adventure m ancient India The most note-worthy is the 
reference to Chattapatha The explanation in the commentary 
that by using a skin-umbrella, one can jump down from a high 
precipice, and yet descend slowly because of the resistance it offers 
to air is most interesting as it shows an acquaintance with 
the principles of parachute 

Literature has justly been regarded as the echo of national 
life Judged by this principle, the texts quoted above and the 
numerous folk-stories about merchants preserved m ancient Indian 
literature must be taken to imply that the spirit of exploration and 
adventure was a characteristic feature of ancient Indian life 1 


I The passage in Niddcsn, quoted abo\e, has been made the subject of a learned 
discussion by Prof S Le\i, whose writings constitute the basis of tfyis article (Cf Ctudes 
Asiatiqpes, vol 11, p l fF ) 
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From His Old College 

To-day the whole country is ringing in joyful celebration of 
the Seventieth birthday of oui illustrious countryman, Acharyya 
Prafulla Chandra Ray As a member of the Presidency College, 
Calcutta, I feel a special pleasure in joining my voice to this chorus 
of general rejoicings We have the proud privilege of claiming 
the distinguished savant as an old boy of our college. It is here 
in our laboratories that he carried on his teaching and investigation 
work for 27 years and trained a devoted band of brilliant chemists, 
whose researches have excited the admiration of the scientific 
world 

Sir P. C Ray’s connection with Presidency College can be 
traced back to the late seventies of the last century He had been for 
four years a student of the science department of the college before 
he started for England for the furtherance of his studies He came 
back to the college in June 1 889 as Assistant Professor of 
Chemistry Our Chemical Laboratory was at that time housed m 
an old one-storeyed building on the north of the compound m 
which the old Hare School had been located Some of the valu- 
able researches of Dr. Ray were carried on m this earlier, humbler 
and unpretending laboratory In those days the teaching of 
Chemistry even for the B A Course was comparatively elementary 
and no training m practical work was necessary Gradually 
through the persistent efforts of Dr Ray, backed by Sir A Pedler, 
a new wing of the building was constructed and the laboratory was 
fitted up with necessary appliances 

Prafulla Chandra became the Professor of Chemistry 
in 1 896 Under his inspiring guidance the Chemical Department 
of the Presidency College made large strides m the early part of 
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the present century. Attracted by the notable work that was being 
carried on more pupils joined m and the laboratory of Presidency 
College became the scene of lively chemical activity Professor 
Ray grudged no trouble to help on the work of his pupils, and his 
valuable guidance enabled a large number of workers to develop 
ability for original lesearch Thus by training batches of brilliant 
chemists to supplement and continue his noble work, he 
has deservedly earned the title of the Father of the Indian School 
of Chemistry It was he who bitterly deplored the intellectual 
torpor and stagnation of the country and it was quite m the fitness 
of things that to him should devolve the noble task of regenerating 
Indian Chemisry In his monumental work, the History of Hindu 
Chemistry, he has shown how considerable were the attainments 
of ancient India in the field of science And it is mainly through 
his efforts that the land of Nagaijuna has renewed activities which 
lay dormant foi centuries 

Professor Ray retired from Government service shortly after 
his appointment as Palit Professor of Chemistry, Calcutta Univer- 
sity m November 1916 Since then his official connection with 
his old College has ceased, but we sometimes have the honour 
of welcoming him to his old College on suitable occasions His 
other activities will no doubt be recounted by other and more effec- 
tive writers. And I conclude this brief statement of Sir P C 
Ray’s activities in the Presidency College with a humble tribute of 
respect to the illustrious savant 


B M Sen 

Pnncipal, Presidency College 



Can Universities be Manufacturing Centres? 

By N N. Godbole (Bennies) 

The years 1931 and ’32 should be looked upon as very glorious 
m the history of India, because m these two years, the seventieth 
anniversary of three of her noblest sons has been celebrated In 
a country where the span of average life is limited to twenty-five 
years, it must be deemed a great providence of God that we are 
allowed to celebrate the birthday of our Great International poet, 
Rabindra Nath Tagore, Dharmatma Pt Madan Mohan Malaviya, 
the Founder of the Benares Hindu University, and the great Guru 
of Indian Chemists, Sir P C Ray To all of them we wish many 
happy y ears to come 

It was my privilege to contribute an article on the “Introduc- 
tion of Applied Chemistry in Indian Universities” to the Malaviya 
Commemoration Volume, recently published In this article 
I discussed briefly the scope, extent and nature of the subject of 
Applied Chemistry as it should be and as it actually is introduced 
m the Benares Hindu University, of which it undoubtedly forms a 
prominent and remarkable feature It is proposed to discuss in 
this article whether “Academic bodies like the Universities can 
and should be manufacturing centres also” — a subject entirely 
suited to the memory of a chemist who has been as thoroughly 
practical as he has been theoretically deep m his researches 

As one who has been interested m the practical working of 
this question for the last few years, the first and the foremost 
difficulty in introducing manufacture in an academic body is one 
of “Atmosphere” As a rule, in an academic institution, the 
atmosphere is one of an easy-going attitude of mind, whereas in a 
manufacture, a rigid discipline is demanded as the work of the day 
has to be of longer duration besides being continuous In other 
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words, there is the economic value of time Holidays have to be 
few and far between in the manufacturing life, whereas in the 
academic life the holidays aie supposed to foster the intellect by 
acting as a respite and tonic Manufacturing life is more or less 
a mechenical life, whereas the University life is an intellectual one , 
m the former the efficiency is proportional to time, whereas in the 
latter it is perhaps inversely so If therefore Universities have to 
be manufacturing centres, it must be clearly understood that the 
staff employed for educational purposes must be different from the 
staff employed for the commercial one , and the privileges of the 
two must be different Obviously the manufacturing staff must 
enjoy special privileges not granted to the academic staff The 
manufacturing operations are at times so continuous that they 
cannot be discontinued on any account even on Saturdays and 
Sundays A University can declare a holiday on any day or at any 
hour it chooses, whereas a manufacturing concern is to get ready 
before the operations are so adjusted that it can declare a holiday 
The trouble arises, therefore, when a manufacturing centre 
is located in and is under the guidance of an academic body The 
two organisations must be different and must be conducted on 
different lines of administration A special difficulty arises when 
Universities undertake manufacturing work, and that is with 
regard to the site It is not always that a University is well located 
from an economic and industrial point of view Indeed an institu- 
tion well located from an academic point of view may be ill suited 
from the manufacturing point of view This would mean 
an increase m the cost of production — a factor which hampers 
successful competition It must be confessed that this is a positive 
disadvantage m Some cases , but it must also be remembered at 
the same time that the University has to look upon its manufac- 
turing concerns as being not So many money-making devices but 
as training institutions for providing practical training Further 
we should note that this disadvantage is more than compensated 
by the free expert advice which' is easily available m the Univer- 
sity atmosphere 

A manufacturing concern to be successful must be based upon 
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a rigid procedure which does not admit of any elasticity as in an 
educational institution. The different processes involved m the 
finishing of an article presuppose definite intervals of time and the 
technicalities involved do not leave any choice of selection A 
professor can dismiss his classes any time he chooses and 
can reassemble them any other time he likes ; not so the manufac- 
turer, as between two successful operations he cannot leave any 
interval he likes Mechanical operations, therefore, tie down the 
specialist-m-charge to a definite series of operations, no matter 
whether it is early m the morning or late at night The work has 
got to be done right through This difference m the two mental- 
ities of the academist and industrialist must clearly be borne in 
mind if Universities intend to take up manufacture also, as other- 
wise it would lead to a failure of the object in view I am afraid, 
this has happened and is happening in some institutions m India 
and hence this note of warning In many European countries, a 
number of the academic institutions and Universities that have 
specialised m giving industrial training are supported financially 
by industrialists and manufacturers. The object of such 
donors is to help the University in training specialists who will help 
them in turn to develop their own industries ft is, therefore, 
expected by such donors (and rightly too) that the Universities 
themselves do not form one more competitor to the already manu- 
facturing private concerns outside. Such Universities, therefore, 
limit themselves only to the experimental part of the manufacture 
and not to commercial production In India, however, the 
comdtions are so different that we have to adopt a different pro- 
cedure altogether We have neither the big factories nor 
the generous donors above refered to Indeed in certain parts we 
have not even got any factories worth the name When, there- 
fore, Universities in India take to manufacture also they are doing 
nothing which is either unconstitutional or uneconomical Many 
European visitors, interested m economics and manufacture, felt 
keenly interested m the experiment which is being tried m the 
Benares Hindu University where along with the teaching work 
manufacturing on a semi-large scale is being conducted It must 
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be borne m mind that this experiment is looked upon as being 
unique inasmuch as conditions m India aie so different from those 
that prevail m Europe and America as explained above 

It has been shown above that provided certain rigid measures 
are adopted and provided certain precautions are taken it is possible 
for academic bodies like Universities to become manufactur- 
ing centres also ■» It must be borne in mind, however, that Univer- 
sities should not necessarily expect to make much profit out of 
such concerns There is every probability that they may make 
money out of these concerns The primary object of starting such 
concerns is demonstrative, secondly an attempt should be made 
to make them self-supporting, and lastly they may be made paying 
also Our little experience m Benares has been encouraging and 
we expect that other Universities also will take up this experiment 
even with greater care and courage than we have been doing m 
Benares 

The one great reason why Universities should make a move 
in the matter is that there is a veiy large number of chemical 
industries which have not been taken up seriously as yet in India, 
e g , the rubber industry, which can and should be taken 
up Countries like Japan and Geimany, which do not grow even 
one ounce of rubber, import all the necessary raw matenals from 
outside and are to-day the leading manufatcurers of rubber goods 
Why can we not do that in India ^ Besides raw material, capital 
and expert labour are the two necessities. It has been my 
experience that capitalists complain that they cannot get experts 
for starting new industries , on the other hand expeits are available 
who are trained m foreign countries and who cannot furnish the 
necessary local data for starting factories under local conditions. 
Very often, therefore, when even foieign-returned experts have 
started new concerns in India, they have more often failed than 
succeeded because by the time they have gained an idea of the 
local conditions, and have trained the local labour and 
captured the local market, the capitalist has lost so much money 
and patience that factories have had to be closed down — just when 
they should have begun seriously It should be made clear here 
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that the foreign-returned expert is not always to blame, because 
during the period of training m foreign countries, he gathers his 
knowledge m established firms which are running smoothly 
When he returns to India he has to begin with everything 
and unless he is a man of exceptional ability, his chances of success 
are not many Our Universities can and should be able to solve 
this difficulty We have been spending up till now huge sums of 
our money in teaching pure Chemistry in our schools and colleges 
Have we received anything tangible in return for all these heavy 
investments? Why should we not, therefore, divert at least half 
of this money in the channel of Applied Chemistry It is quite 
easy for the University to get all the preliminary data regarding 
local comdtions with experiments conducted on a semi-large scale 
This preliminary knowledge is So valuable and so necessary that 
it may almost be looked upon as the key to all success A private 
capitalist has neither the foresight nor the patience to invest so 
much money to gather the preliminary knowledge This is but 
human and the capitalist need not be blamed for bejng so 
Universities are maintained out of public or Government funds and 
certainly they are justified m spending some of their money m 
gathering the fundamental data in the interests of public good 
It will be seen, therefore, that the Universities are perfectly justified 
m launching an undertaking of this kind in the larger interests of 
the country 

Granted, therefore, that Universities m India take up the 
different industries m different provinces, they will be doing the 
most responsible part of the work by starting convenient units and 
collecting all the necessary data Students, working m such 
educational institutions, will be fully benefitted as they will also 
collect all local information regarding raw materials, labour, cost 
of manufacture, etc 

It is true that Universities will have to take up the responsibility 
of selling the finished articles also There is no reason why 
educational bodies should shirk this responsibility. Students 
trained m such an atmosphere have nothing to fear, because m 
addition to learning the details of the manufacture, they also learn 
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all about its economic working also Capitalists would gladly 
welcome such young men becuse working with them does not 
involve any risk of capital 

The teaching in modern Universities has been very highly 
theoretical Of course no one can deny the necessity of theory m 
carrying out all practical work But unfortunately for India, 
teaching has been too much theoretical The number of M Sc ’s 
and D Sc s m India in Chemistry is undoubtedly very large but 
how few of them are competent enough to manufacture even a 
boot-polish ^ It has been my happy experience that because of 
the accompaniment of the manufacturing side, teaching of 
Chemistry becomes a practical and a living science , both the 
teachers and the taught are benefited by this combination The 
practical teacher not only feels a personal delight in teaching but 
he also attracts the attention of his hearers by explaining to them 
the practical applications of Chemistry As things stand to-day 
in India the teacher comes into the class prepared almost like a 
school-boy The students also forget all their theoretical science 
the day the examination is over 

The few thoughts that have been put together by me m this 
article are the outcome of my experience of several years spent m 
the Department of Industrial Chemistry of the Benares Hindu 
University I wish it were possible for eveiy University in India 
to create similar facilities under its auspices so that more experience 
could be gathered under different surroundings I have not the 
least doubt, that the time is coming when more Universities would 
also move m the same direction and when this happens the practi- 
cability of the success of this scheme can be established beyond 
doubt 

“One swallow does not make a summei’’, yet it must be said 
that the experiments tried in the Benares Hindu University should 
encourage other Universities of India to come forward and take up 
the experiment cheerfully and more vigorously If this is done, 
what a glorious thing it would be to the student world 1 

The life of Sir. P C Ray is one of incessant action 
and devotion to duty The service he has rendered to the cause 

25 
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of the application of Chemistry stands pre-eminently as a beacon- 
light m the darkness of the poverty of India May God spare him 
for many years more to come f May the teaching of his life bring 
forth a new future to the teaching of applied science in our 
Universities f 



Rammohan Roy’s Conception of Universal Religion 

By Hiralal Haidar (Calcutta) 


As the seventieth birthday of Sir P. C Ray happens to nearly 
coincide with the centenary of the death of Rajah Rammohan Roy 
and as Sir P. C Ray is a distinguished member of the community 
that owes its origin to the Rajah, it seems fitting that a paper, how- 
ever short, on Rammohan Roy’s conception of universal religion 
should be included m the volume published m commemoration of 
the birthday celebration. 

One hundred years ago Rajah Rammohan Roy was working 
hard in this city to free the minds of his countrymen from the 
bondage of idolatry and superstitions of every kind, to remove the 
disabilities artificially imposed on men by caste, polygamy and 
child marriage, to save women from the inhuman practice of 
Suttee, to introduce Western education in the belief that it alone 
could open the eyes of the people of this country to their degraded 
condition and suggest to them better ways of life and to inculcate 
the principles of universal religion It is interesting to note that 
Rammohan Roy was a contemporary of the great German philo- 
sopher, Hegel Hegel was born in 1770, Rammohan Roy in 1772 
Hegel was at the height of his fame and influence from 1814 to 
1831 The same was the period of the Rajah’s activities 
m Calcutta Hegel’s greatest work “The Science of Logic” was 
published in 1814-16 Exactly at the same time the Rajah’s 
Commentary on the Vedanta Sutras was published Hegel died 
suddenly of cholera in November 1 83 1 Rammohan Roy also 
died suddenly of brain fever at Bristol m September 1833. He 
was born two years later and died two years later than Hegel. Both 
were about 61 years old when they died and both have revolution- 
ised the world of thought, each m his own sphere. A remarkable 
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coincidence 1 But m one way the Rajah’s greatness exceeds that 
of Hegel. The latter had every advantage of education and up- 
bringing that enlightened society and surroundings could afford, 
but in Bengal the Rajah was enveloped in Cimmerian darkness 
There was nothing to help, everything to discourage him Never- 
theless his genius enabled him to rise superior to obstacles of every 
kind and to attain to profundity of thought by no means inferior 
to that of Hegel He is regarded by competent authorities as the 
founder of the science of comparative religion That such a man 
should have arisen in the darkest age of Bengal is truly a marvel 
In this paper, I propose very briefly to touch upon some 
aspects of the universal religion preached by the Rajah H's con- 
ception of universal religion is not that it is a mere combination of 
elements collected from various sources and regarded as true by 
the individual judgment of the collector It is not eclecticism 
What is universal is the body of fundamental principles common 
to all historical religions Baldly stated, these principles are that 
there is one Eternal Spirit who is the life and soul of the universe, 
that He is the source, the sustamer and preserver of all finite souls 
which are immortal, that the bas’s of spiritual life is moral culture 
and discipline and its highest expression the worship of God m 
spirit and truth These he regards as the central teaching of all 
scnptures But the universal is never apart from the particular 
The essence of religious truth takes concrete form m different 
countries and ages in different ways according to varying historical 
conditions, habits, temperaments, ideas and ldiosyncracies of men 
The particular forms of religion are therefore necessarily diverse, 
but they are all expressions of the same underlying truth The 
particular embodiment, however, is essential to universal religion 
In insisting upon the correlativity of the universal and the particula* 
in religion, Rammohan Roy is at one with his contemporary Hegel 
although, not knowing the German language, he had no acquaint- 
ance with his philosophy Hinduism, Islamism and Christianity, 
the three religions with which he was most familiar and the scrip- 
tures of which he had studied in the original, he regards as three 
special forms of universal religion. They accentuate different 
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aspects of the religious life and each has its own element 
of strength Hinduism is strong m the knowledge of the unity 
of God and man, Mahomedamsm in the consciousness of the 
divine government of the world and the equality of all men with 
each other and Christianity m the sense of the brotherhood of man 
and the resulting ethical conception of life But whatever may 
be the difference between the great historical religions, they are 
but varying expressions of the same eternal and immutable truths 
In order to realise the universality of religion, it is not necessary 
for any one to exchange his own lehgion for another All that he 
needs to do is to distinguish the essence from the accident, the 
inner core from the outer form There is no doubt that the Rajah 
conceived Brahmoism not as an amalgam of truths culled from 
different religions but as the purified form of Hinduism He fully 
realises that the several religions must grow by mutually influenc- 
ing each other, there must be contact and assimilation between 
them, but each must develop along its own line No religion is 
true only in part, each, m its purity, is the whole truth, 
but embodied in a particular foim 

It is instructive briefly to compare the Rajah’s view of univer- 
sal religion with that of his contemporary, Hegel According to 
Rammohan Roy the inner spirit of every great religion, freed from 
the impurities with which it is mixed up m course of time, is univer- 
sal According to Hegel universal religon is the form which it 
assumes m the culminating stage of its evolution when alone it 
adequately reveals its inner meaning He regards the historical 
religions as only different stages m its growth In the Rajah’s 
view the chief religions of the world, although essentially the same 
m their purity, develop along different lines, but, according to 
Hegel, there is only a single line of development because religion 
is one and the same, and the successive stages m its evolution are 
the objective religions or religions which consist in the worship 
of natural objects, subjective or psychological religions and the 
Absolute religion which, m his view, is Christianity, not the Chris- 
tianity of dogmas and creeds taken literally, but philosophically 
mterpreted Christianity The weak point of the Rajah’s theory 
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is that he is apt to regard the later form of a religion as a falling 
off from its original purity He does not see that in the case of 
a living and advancing people the posterior form of its religion, 
whatever may be the excrescences upon it, reveals the true meaning 
of religion more completely than its prior form In his day it 
was not usual to apply the concept of evolution to human history 
His great contemporary was strong precisely where he was weak 
The inter-dependence of all religions is due to the same 
fundamental truths being the common basis of them all In virtue 
of the expression of the universal in the particular, it is possible for 
the adherent of a historical religion to rise above the limitations of 
his faith and to enter into the spirit of other religions', for a Hindu 
to be a Christian or Mahomedan in his outlook on life without 
ceasing to be a Hindu, and for a Christian or Mahomedan to look 
at things with the eyes of a Hindu without discarding his own 
particular form of belief Such a universal man was Rammohan 
Roy He had no difficulty m harmonising all religions from a 
point of view from which their differences are seen to be but 
particular embodiments of the same universal truth Eliminate 
from the historical religions the impurities, the superstitions, the 
bigotry of priestcraft, the fanaticism of ignorance and the elements 
of racial jealousy and hatred and you discover the ground on which 
all can stand united in their common love of the one true God 
Real and abiding unity of the adherents of different creeds can be 
obtained only on this basis External diplomatic arrangements, 
the disposition to be tolerant of each other arising from political 
considerations, brotherly embrace prompted by the enthusiasm of 
a few days of festivities may lead to a temporary union, but will 
not bring about that brotherhood of man without which a genuine 
progress of the world is not possible 

Rammohan Roy was an ardent apostle of freedom Nothing 
made him more indignant than the oppression of man by man As 
is well known he rejoiced exceedingly whenever a body of men 
anywhere m the world broke their fetters of bondage But with 
all his love of freedom he was not a mere individualist or a philo- 
sophical anarchist, He was greatly influenced by the rationalistic 
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literature of the eighteenth century, by the speculations of Hume, 
Holbach, Helvetius, Diderot, Rousseau, Voltaire, Volney and 
others, but his Hindu culture enabled him to see that the real right 
of man is not to do what he likes provided that he does not interfere 
with the same right of others, but so to exercise his powers as to 
contribute to the common good While fully admitting that the 
guiding principle of life is reason, he had the clearness of vision 
to perceive that reason is not the property of an atomic individual 
but the spiritual bond which holds together the framework of 
society. The individual is rational only because he is rooted in 
society and shares m the universal reason embodied m its laws 
and institutions He therefore insisted that m speculation as well 
as in action, the reason of the individual must be steadied through 
reconciliation with collective wisdom Individualism must be 
harmonised with socialism -Neither m the interpretation of the 
scriptures nor in the regulation of conduct will it do to give unlimit- 
ed scope to the individual’s own sense of right and wrong The 
progress of the individual is no doubt the criterion of social pro- 
gress, but it can be secured only through the solidarity of the 
individual with society An eccentric disposition to look for light 
only within one’s own breast is as irrational as slavish submission 
to outward authority What seems to be the inner light of 
conscience is often only an ignis fatuus A clergyman once asked 
a man to do his duty He received the reply “my conscience 
forbids me to do it ’’ In reply to the clergyman’s question, how 
he knew it, he said “I feel something thumping m my breast, 
saying ‘I wont, I wont’ ’’ This is often the real character of 
what is supposed to be the dictate of conscience The Rajah was 
never unmindful of the rights of man , but he held that the supreme 
criterion of conduct is the common good and the claims of the 
individual must always be subordinated to it Indeed the 
individual has no good of his own independently of the commoii 
good His views approximated more to those of his German con 
temporary than to the rationalism of Western Europe. 

The religion of Rammohan Roy is not that of the cloister ol 
the hermitage It is not an affair of Sundays or of the days spent 
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m pilgrimage. To be religious is not to be peculiar and excep- 
tional, ‘to stand on one’s head or occasionally to paint our faces 
m order to escape from the weariness of our every day life” 
Religion is the completion and perfection of life, the dedication of 
all our energies and activities, mind and will to one that is supreme 
Its essence is the transfiguration of the whole of life through the 
consciousness of our unity with God. The content of it comes 
entirely from the ordinary interests of life, domestic, social, eco- 
nomic, ethical, political and artistic. It excludes nothing, but 
transforms everything into the modes of its own expression 
Philosophy and science, art and morality, morality and religion 
must not be regarded as antithetical to each other The great 
concerns of human life, although distinct, are complementary to 
each other and find their unity m that wholeness of life which is 
the outcome of the knowledge and love of God Divorced from 
religion, they degenerate into mere worldhness If they are to be 
essential elements of a genuine civilisation, they must be sanctified 
by being made integral parts of the life of spirit On the other 
hand religion becomes an empty thing if it is separated from the 
world, from ordinary human interests As Wallace puts it, ‘‘you 
think religion will cure the wretched homes of horned poverty and 
insolent wealth , but it will not, for religion cannot live where there 
are such abominations You fancy morality sits high and safe on 
the eternal rocks of reason , but probably, if you got nearer, you 
would find that the venerable queen of life has long since been petri- 
fied m those altitudes’ ’ The material must be taken up into the 
spiritual and the spiritual must be bodied forth m the material , the 
sustaining principle of the world must be religion and religion 
must find its expression m the life of the world In this land of 
ours where flight from the world has always been regarded as the 
essence of religion, Rajah Rammohan Roy was the first m modern 
times to preach this message of a healthy-minded religion It 
cannot be said that the country has yet sufficiently appreciated the 
spirit of his teaching But if we are to make progress along right 
lines, we cannot afford to remain oblivious of it. 
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<®ict*f ^5 dtoi i *raw ?w ?itoi 

^t^rivt f%"T, *ft& ?t WC3? W 3^£{ c lt*l\ ?tn§?i 
I TtSft^ertfa to? 3t|*KSC?T iSftlri >0 3f| 

^if%?1 ^f51l^ 9 \ U? 4^*11 <21C^J^ siNto ?*l1 

I 

?^tStSF ?|5rt^3rtf$ f?^C^ ^37(2J Bit to *Ktf 

®IC^W £{ft^ to &?1 ^fto ^-SI^I ?t5fM\?l effa *lfal 
?f ??1 otaita <<Nj, *ral, 

^?t| ^©jtfr x w efsfa ^f??i i >iil <f}5tc?? 

<?C«1 fa to >2itffC x i? ?C3J C^twl C^t^l fa?C? *lffatol 43^1 

«lt? 4^etW«1 «rttotos, ^fto? ^W I ^fa'sta 

<^jfa?w toi <£nrctsi ?t^iw x t ??, ?t^tc?c x t? ?tto 

<»T3®k 33?t#t? ^c? «l3CirQ ?^5[ff i yifaft 

tot? svfatol f?% sit faf ^l ^tofl »il i to 

stst? i*to *fa ^ i ^ <£W? wfatc^r ^t^?t 
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l ^l3®fa ^C333 £fs|3 ^\ ^ 

^3®j ^lf%3l ^(31 «Tt3 c£}^t<V 3^31 nf$3ft§ | 

333^1 'SJt^l ^{3fr®3 C3f33, ^13(^3 ^f^®3, ^»l3t^®3 3\f| <2}Ff3 

^ wri* fts? nfafa ni\, *t^ 31 $?vm ^rm f*mi 

<5t3S53C3* C3^3l-3K3n3 *1 ft, C3*tC3l-3K3*tE3l *f?>3, C*tC3l-HR?tC3l 
S?3*tW3 %C33 3^331 3353> 3tf% I C3FtC*Tl <43^3 

^®t3^t3 3tft 43^1 ft* ^£33 ^1e? ^fapr, WF«lte, <5rt*l3t'e 31**11 
cm ^»t3^t3 C*frlW3 mh 331 *if353 3t^3l $t3l C3l3 3*f3 I 3*W 
31 <WC33 C^tC3l &tf[3 ¥W 31 3t3tC®?3 C3*tC3l 3^£tfl3i:33 

3 5 tfe3t 3*W 31 3131^3 ®!3£33l-3^t3 £ffo&T3— ^ 335T 
^3W >c t3^1 333tft3 %l3lt3^t ^t3tffF3£3 *11^31 3C3 I <3f3 nl33l^3 
^®1^tC^ f f^3l ^C<® *!3sf1 C3l3 3>f3 31 I $$\ C 3 4331a 3knT3 
Cffl3 ^t5l 3t^l 3t3t^t3tS 333^ C3l£3l ^rC33 31^1^3 ^t®f 
Wl 3t2?tW3 fNl ^31 C3*f 3tf33$1 ^$t3 ^f33l ^t33f C3t3 
3^3 I 33C33 3C33 §33 331, 3C33 \C3 3H3 31^31, 

3C33 ff§3C3J f3C5?3 ff§3 3\f%3l 3t3l ^t3^®3C33 -OTCn-^t^n 
333tf>'3 sf3a?T® ^31 3f§£<sre I 4$ 33C33 ^331 

3t33 §33 f3§3%l^®1 C^tC3l 3C®| 3l§?% 3C3 I 

s»t3^3^3 ^3f^ K t C33T>t 0^—33^^ ^1331 s»t3^3t3l 4 331^1 
®?if33l 3t3l 31 3^31 3t31 3C§, <3t3 ?lt£®3 3^t33l^ 

^itC^ I f%l ^1 3f%3l 3£3 3C3 C3# 3t5ft^l3 3C3 5 ^3Jt3J 

^ £3^ ^»13^®13 333tft3 “tft*, ^T, 31^3 <3 3^f3^l3 §33 3<1 fi?3l 
3f§3l 3t¥l C3>tC3l 3£^ 33 I <3t3 ^®t5t£^ C3t^3t3 lt\S1 

3lC<»3 3^t33l<3 31^ I 3t5ft3lCW3 3^® 3t3t^1C33 1^^ a^3i3 §^1 
3?3l ni^t3\C«!3'S fa f53l 331 3ta3t^W3« 

^33^ f^^l <?3i i ^t3c^3 sicwcn^ 

n%3t33l ^ 3 5 ’33t33l, 3t^f33^»1 * 3nif3^t3 

f3f3«13 l 

n^3t3 ^t3 3 : ntr3^1 3l\5^3l ^f3C^® 3^C3 ^It3 C^t^f, a? 
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^sts fa-^ fe^i^iMt^i ^ifs^i ci\?\ 'si?^^ *ire vfi^ui wsfa 1^5 
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^2, TWl-Til ^iStC^S fb7l'2i t ii'<r *fa<\ 2-2 'Sl’llil sTfailfa^iS 
*iWl i *\W^ i 

TJl^r 1*5 ill ^fa\ SfaFd C^fatsfa I r^til 
?M!>t erf w c v s\hfa cilfRi? ^i?^, 

*\\* ^fTJ mil 5 ? c^, iiliil ^Icil—eilil 

^Uil^ e\J5\fa 5^lc^ I pT15 rf* ^T'l fa^ ^1?l c iti;¥ ^illil 

<3t?re?l illill if^WC-Ii ^ilf%?l C^fRl^r? 1 

T 9 II 'Sllfsi ^lilil M i*e.7!?l rfwfe teT\ f%?T ^^l^il’TJ SjSft 

^if^ic^fl i §iii ret*r c iif^r^itT ^iiii(^>fi)9iiii5i 
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*fOT <at <5l3€l3 (£ft3*J3 f^C^'I'S f3t*i3^tC3 vfin I 

a3*tl f3*rta TOttfp*r, cw m *?3fa*t 333tft 3t3 ^c?, c*\t 33^3 
a3*$1 ^¥J<5fftS 333t3 ! t3 3t| piwwl *R1 SwtWflW* 
33J^t I S 333*t3 fitC3 tt3tL3tC*i3 3l3*lt3l CTl^l 

^CTtwt*fw wi *i133t3i twtwwre wi f*rMt3l t^iraiw 

fts? fa«? ^tW ^Tf33l »$?FJ«2ffa<5 tl3tX3lt*f3 5t®llfcW3 

wi sfattre cs0l 3f3re3 i ^33313 fe fratfK *ft, *n*ff33* 
^sjtfw C^rlC^Rt'e at3i 9 f $*!$&* tt3tE3H 3TO «iT*rf £ist3 
i «it*rtw3 s»t3^3 3ft*it3i ^zm^k 3i«rp3F3<S, 3t33c^3 
^331 at 33t‘f3 5^C<5 C501 3f3l^3 I ^t5l §1^1 ^ x lt^, 3^fc*lt^, 

^sf^itS ^5Jlfa 3lS?*1tt33 <2|&t3t^3t'G ^<p[ f3*H*f ^^J- 

f3f*t3? 31TOJ 3?I3l <2T|^ 3^3 I C3 33 f% &WTWlC*r 

f% v£if*r^t^t w^rtfa wlvsl ®it3 f%ft 31 i 33 jic*3 
tt3tC3t^3 <£?*J «it? ^t<pf^ ^13^3 <ih*j 3F313 3^1 »ta i 

$t5tW5 $3^5 31 3131^3? C*R-tfJOT, 31^3 <511^1? fittfw, ftlW! 3^5 
3C33 C3Ml3J£| < 3t3 tfl^l ^3sj 31 313J ^3 ^3 C<t£*t3 f%$3'6 

<2tfc®<3 ^3Tff*I I 3ltl3 i£?*J, 333tft3 ?t|*t^ a3^1 t^jtft 

3^*1 3^s3t3 3|pt C3 33C33 $7333^331^5 ^3tC5?3 3^31 C3 33 
fte 331^13 IC3tC3tC 9 r <51331 ^l?^ 3Hr*it^ CW31 3tt<5 31 I C3t 
*13 (l®r 3lfl3 C^ISTI^ «J13 ?lfl3 313^151133 3l3l<§3 31$ I 

3l$1 3^3% ^3f3\*f *l^T^tC^ tC3tC3tcn at Cm 3^*f i£?C*J3 3t3t^ 
( 51t3 3 5 t5ft¥'S 3>f3t^> 9|tC3 3lt I 

C3C3tfil3C33 *133# ^C3 !wlC3l^3t33l ^31 ^i^3tC5 C*l, 

^C3tC3t?: <> t3 f%R f^ at 3^tC33 ^31 ^3^(3 ^ 1 

^t Z$fe «t5t3l C^TNtpl ^C3tC3t < 1C^ §^3l |^3| ^f33j f«IT %R 
^ €(3t3 ^I3t3 3l!*ife^® 31031 ^lt3tC5 I ^3 ^t3-3tC^t3t3l3 
C3 ^31^, C3 3>31 ^33^ 3^1 31 I aW 3^03 

3f33l <®t3Tt 3f3i3 ? 1C3'« a¥¥ 3^3f ^f^3t3 ^3^1 tC3R3tt s 1 

3tf^C3 1 fa% ^t3^3H3 ^t33l , ®lt5t T ^C^3 3^5 C3^ 3313X^3 3pf ^1t3 
33J3X^3 ^t^l a^tC^'Q C33t^3 Ff^lt3l 3ltC^f% I 
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% 

*I?RP5 *l| *if®3l f|?l C^rM^R? ^tW- 

f«3 %?i ^ mfr ^ t ^ *\fez^zm |^?i ^?n i 
fwi *itR^ ^Rtsi ^c^stR$ ^r*r ^i 

^tr^i 'gwz^ c§R "tf^itsft ^-q®zr\\ cm *ifTO 

^R^VR WR Jjff%C<5 TRt^ ! 

^Ta^l &R <5ftff5 

<®R^ c’tftl l^itwtc^ £JR <RRl tnitraW 

?f hvs ^tCSl^iRR ^f*Rt<3 •srgsfa ^RtfaR I *lfff 

^Pfatc* ^t«r f %%, <stei twta!ft*ra stlra m etfa *ta 

«tf*!l ^t’ltwa I *U$tl WtVR^ C^tOT-C’WlFl W- 

4^1 i$<FI,2fRt« *13^1 C¥v5tC^^!-^^ <SR®R ?t| ^\ C^I 
^t\ ^ftc*I C^R *lRt^Rni *feg CW ^ vi| flp,— 
cw ^wtwtw^ fo*5$<w«ra ^i ^j^iR® 

3l| ^1 31 *R^ ^KRRI 'Ttf^'t CSfat* 5j=3J <2^1*1 f® <Ff?Cs 

3^*133? ^Stt *IRR fc^R ^R^fR^R ’ite I C3 3=R 
C^l!^ ^R«3t^C^ S’lfaRt® ^«fj<2tftfa <v\tt 5lf®ql ^fi^R 

*RR*f foil «rtr»ic‘5is> f ssRRI staffs* ^ ^RRl *iRtw 

<W <43^1 9 tC*R *H1 CT 9 KR *»f5*l1 

5feiOT« c^t-Rn c*R jtRR «nf*rai c’ftefa ^ii w 5« i ^*itc3i%i^i 

C3 sRntCS CH W* 43^1 wwt =3tfRs1 ^flatc? I 
$WtCatC*R csiltfo § 9 R zrt^t Shifts 1 C SR*tfff 

\£\% *|?ic e t?l 3t?R ’Sft^l^l ^3? ®l1^ 5 1^« 

i nw 5f^c«i ^ ^iwi*it« y ilR^ 

C 3 !^ ^t 5 ! ^it'St^C? ^1 C*iR ^1% 9 (^t 5 I*f ( Tt ( 5tC^ 

^rR R?I I <£l5RC^3l ®t$1 $^C*T C^T 

^Rlw? c ?\ i *iR 

^i^t— ^ ^tR i 

cM% w ^ts? ^Rc"5 nn\ 
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Sl^lCiltTO C*lt* *W\S\ *»« 5|t 5 I «(t*!?I ^1, 

¥?!t^R?fC3?l *t?l ^C<© ^WtOHC*!?! f%®3 C*l CT ^sy, CT TOt? 

^tsf ^Wc c i *®fa\ srtfasfcs — ct *nro «Ft5? 

3f%*W3 feinl *t\% fa cut «f^c c r?j ^iw— <wh *\mi, ^tw, 
lf%^ ^t5f— ' <3fi!5*fl8 Bite'S m ^Wo 

^Z'SUi. i 

^t^l ®l?P5<lt^3l «ICT* fa ^5| Hfjj-^teOTil W1«f ^ 

otfeft'i ^fa\ *itf*retf§ i *\im c*tsFj stem 

Wfsr *fas «jT*Hf! ^ fiisil ffatft I 

m*\ ^c $ c&H ^ferai cutc*i %fa\ ctfPmi, 

fa ^ fa st$i *w«s cfetfar 5ii aifasf, c^rf^f w ^fes? 

5itfire i 


CTW* <2fC<?*{ «ltTOtsi ^wtwlc 9 !? ^»1fa *mi 

wens 7r*ifa i e\v<*\ c^ faf ceretcsttetfairfa 
($w fai i sitets? ententes <21111 wfo 1 TO 
TOtwn ^t^tw x f cerelisrf^tfasi 's ^ lwtnl%t*i 

^tc§* *iTO 1 wt^r ^«M,— 4^fc*ra ^c*rt«tc*l TOfa TO^I 
3 t§*$ro wi ^tl-wt’ffw #toi ^1 <&to ^?r otto *11 
4^1 c^TOjtTOfrtt ^sri ^1 1 ^ratraww TOfai 
§WtC3ft*t ewRe^ T5\l$*, TO TO1$ I 

^CTlCHtPt TOTO fa\ fas fail =3t*fto C<T*f fat* 

1 TOtw CT5 TOtft, C^5 1 ^CTOtTO 

51^ sfej51¥ ^tlc^Vm *|ft TO(C?3 TO^s TO1 5^C*I TOTO 
TOsifa *i5twfc*r ^sj-cto^t ^ \ss7^ ^ ’srtfto mfc ^1 ^i| 
CWRc^s I ®t^^51 *Ffaqt^ ^ ^I^JI 

1 Ttrf? c^i^l ^ <sr*ft=T cH 

®1tC3, ^^t 5 ! 

^nrfsfTsl fato 5ii ^«rl ^l^f, — 1 ^{^1 
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c^rfci 3t®rj c^to ^to3 c^twi 

CTt^ -ststre <$reih srcJt«wt, 31 333313 3fto ¥P(¥tft 

3^3 c¥3 ? 5wtwt*K^ C3tc¥3i C3 3lt<i 3lftotw, mwq'Q < 3 ^; 

3fC*fe 3T3I I 

«ltBf1, 4^3l3 ^13^33 ¥31 ^f*Wl fsl^ll CBt¥*K3jl3 ¥31 33 1 
3!^¥ I <21^ ^,— ■ ¥$^fa C*lt¥ 3tfto 4¥ 4¥^1 3i| 

3toi ^ c¥tt3i f333 sites f% ? 31^ i 

^C3tC3tC*t3 ^t3t3 stf33l ^131^3 W3i ¥^3T 1313133 

3lP33 I <^tf33l3 «tt3 'fot’S* ^ C^l¥ I ^<|€, i£|¥ C¥l^3M3 
¥3 C*lt¥ ¥^3l ^3tf33t3 wtft 4¥$1 'Stffa 3t| *tfo*tt5 I ^131 
?&£*! <5foff53 'Slt^tfr C35t3t3l (~¥ C3l3 ¥fa*l ? 3Wo <il^ 331*13 SIB 
3V3J¥ C*lt¥ *&3l ^131C3M3 uQ¥$1 3ts?J C¥3 3f^3l ^3 711 •? 

^ 3tC*1 T%t3 ¥to 3t%C¥ *itf3 C3, C**tC33 <i»¥^1 3te?J 

-nfe3i *ttc3 sit^i^?! *tmtft3l i ^t3 c£t$3(to3 33t33!;3J¥ 

C¥t¥ 3t®tsff3l 4¥$1 ’Zifa ’all *tf®3l jfazv ¥f3¥tft I 

3^21 W*1 sjt^f 3ft*rtffT*1 3IC¥R <2lt3 C¥t^1 C¥l¥, C^ 

f^C^lt *ll3 SfHtPm f¥S¥3 I ¥tCS?^ |^*£(WC*l?I 333t?[ 
Stf3 3l5fl?lt5?tf% C3*f §^tf 3S 3^5 3t| 3f$3l <3¥tH I 

^C3tc3t3t3l3 ¥f*t3l 3fa to ^C3ic3ic*i3 3$j>$ 3if¥ 3(c¥, Wfa 
c^t¥-3^ji sj|sitw?i c3t$i c*it¥3wt3 33t3 i ¥tt^ 

^Hitc3ft*i3 c^tRfa ^t^tcff?r cental 3ft cni^i fai*t 3^*1 

^ <3313 3t| 3f^3l c^Ic=t, ¥tel sto 3^t3¥ s^ nit3 
511 , 3t|bito ^*\\w ^331 3f|fof%¥ ¥^33s§tc3 

¥?rt *itn 3i i ¥ftre 

C^C¥ "9f1-^f3” C*r«ttCTl ^ | ^C3tRlW-^® ¥h¥jl vfe 

«lt«F ^5t3C¥ | ^tC3t 9 ?l3t3 sit3 3tf|^^3l ^ ¥«f1 3f^C33 

31 I ^ «f5{1 3511^ 13¥^t3C^3 3%^ TO*lCT3’f5|C # t?l 

ftC^l 5 ^¥31^ ¥^3J I 331 3t;5Tt3 C3t^t ^^C33 ¥t^ 3^<2f33 ^<^(3 
3?l5f uq| 3fT3 3^f3i 3t|¥<3 i " ^ 3t°^t3 ^W"ICT31, 

M3 ^3f^t3il ^ 3fl3 3*11:33 ¥^¥lC^ 3j^3^ ^31 I 
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|t3tCqtC 9 iq *13^ ^it^J I <S{% <3tq% 

^faqrj c*fftql stqsqt% c^t^i i\$ i 

^qtq ^\ *hi qfaq— ^q i ^raicfitc^r? *& cq 
fa*\ qfawtr c§t£ c%\$ m ^iw? fs^w c^iwi «i?T5i 

^ltt§ f% ? f^^T ^1 I <51% S5lft?n 

*i*r #i *it'<rat^qi «itfa cq, ^tcsfc*!?! f«?i fe?i cw*t«fa 

ql^W ^ <4^1 ^^Jv5tfs|^ cq*f I 4^1 *|qf qjq^s ^q I 

C*I$1 ifsjalfas Wl ^q^1%I C^qq^q faMq I 

^C*I “C^iR” I ^Iqtcqq q!&? 5I5C^, *lUqtffa SJ5W» ^l^C^T, 

qifsf^jq? qsc^, nUi^ qsc?r, *s&%\ nm\ srfrrci rw« cq, 
IcqtcqTO c^lfc r§T$ ^lq>i cq*lssfa qt^fqq^ ^ “&*M” 

'sptffc sftacsrc 5I^5T <2tq1q qpft^Cai Jtofifol ^’ift I 

^iqq <5 jot c^ciq^ «tta qq ^1 i ^cqlcqtc 9 lq "^ra” 
sqqtqtsi “f&fh q^tq 5 ” qllcq i tcstraW wqi 
^wtwt < ?i , 8t 5 isi ^tqifqqcq? qt$i r^i f*m^qtc§ ®iqqi wq? 

*iM qtsl f%% ifqtql qtfqqtfl f%"^l qfqql qtf%, sstqlq «2ttq 
^it’ltC’tM 1^ I fac*K ^F«t1 ^ CT,— ^WtratC 9 !?! <S\l^ 

etww f^qqfq «w<ij ^biqq wqi ^t§? 9 iqj^s ^tq^tq 9 ifb^ qi 

55151 Sjf%?l 511 I ^ lil^l SqfrfW 

tcqtcqt 9 ?tqtq cw-qtl fefqq q?fqqi cqqj qlW i f% cwftre *rt$ ? 
eftq eOTq^tq f%^cq^ cqfqc^s 9 N^ ^tfaq? ^tqtq ^qql 
^ifqTO i ^tqt? tsic^j^tti;^ c«tRc'» 9 itl rt ®?tf^q M ^tq 

^ifq 9 !^ i "zitfV’ *ist*itw trl ^wfc^tc^s ^tq c^tqt^ qft i 
^iqtR’itcq qi|« t£i?F <21^1^ lc^tcqtc 9 (q c^tqt^ mt i efts <3tw 
?itc|^ ^ $?35?wtq i ^tqtq cEfc^j^ qu| 

^q^qqFtq i sq'T ^cqlcqtc^q qt|fqqlcqq c^ll^tq ^^1 1 

qw 'c ^iql 

qql qt^ i ^t 17 ! ^iqq ^q>$l cw x f cqqtcq 
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»^j srtci: i * ^ppf f33C3 *11331 c^rte- 

33tt?i ^ 3 ^® ww 3fSrci f3E3i3l tfws 3tf3 i 3 ^ 1*1 C3f*i fri 
^£3 31 I -f%^ ^ TOfo* 3C3 5 , 3pltf*ni “eftfe^®”- ^J 31 
313?^ 3i^ 3*11 ^fs$ i *itcs “ertfs^'faftfsj i <43t35*f3 ,c*ifa- 
*k*ui 8s^°» #o ° i ^ c^ttt 333t?fa f^3 *,«*<> •,*#«> 

^1^13, ^,ooo,eoo C<f%, ^0 0,0 0 0 - ^\slf«1<lT ; ?, \<t 0 } 0 0 0 C^f^TJ I 

^t^l lt^>1 ^5t^|5l £}13 ^00,00 0 | 

utem *rfa*i "3^t3V 5 - 33^1 “s?iN”, 

3feltC5 I - 

I 

^3t3 ^ 1 Cl t& C3C*i3 3> e !1 331 ^ fsr C33f$?3t3 I ii|3tC3- 

sf?H ^ c^M *\w 33 ra fig*i 3^ f¥t ^i«ft?* ^rt^3 

s?l#t3 333tft i <5t?rfa ^itci 3t3 3tc3^ sfKt«i, w 

slew ^t3J «rt€ta cnt^« C33fs?3ic3 3t3 to i «i<te, C3rf3*f 
stfsita c^t^ <43tr.3 c#r i 

- <g x 4 *pc^3 3£5? 3C5? 3t|®CTs 'sitf^l *tre i C3i>l ^ — 

"silfr” ( “C33” ) 3C3 ? s?ifc x fc^f 1% k^ 3- 3^1 #fc^ 

slc3 t stel 3t|-tatC33 CWCSi «q^ «itf33l 3c^ C3, 

S®t5t3 <F3f%3t3l ^It'Q^I 3t3 31 I C3^3 S|1 *}f«|3ta 5R3C33 

<2tcspF r^tw^ 3^-3°sf3«i3 cwi-'sf- 1331 $tff%3 orfat® 
3t^ I «ftft 3^ 3t3^ 3^ 9f^1 C 5 Pl«tT'Q S’f- 

C31S3 33 3H ^$3tt 3^33131 333tff3 W3C¥ 43* <43^1 

^tqta 3tc§3 c^ *i«w §*itnt3 f3C3&3i ?$xft ^(3% c^t’it'Q 
“C3 x <tJ3” 31 $ m c l3 43^1 3t| 31 CT x f c^t^l 33 I 

65TO3 3^^ f33t^ ^tod 31 C^t-Vt^^l ^tf® I *jf*tft3 
Cff1-'®Tt»I«l1 f ‘^tf^” 3t| 3f®3l ^t<J I "5?lf^” 

x t^l ^t^l *\m^ 335 ^!f^5i wm\% C5t3 S3 <jf3>3tt33 3t®r I 
^13 33C5T ^3^s 31 «131 x l^1 3J3^t3 ffw |f3C3 I ^«l3l eflf® 
rt C33” x i3f^1C3J ^i3t3 «tf3& K W 3J3^13 3 s f3C3'<2 ^IC3^ 333 ^t®r 
?f%3l r 3t^C'® 3tC3 I • «q33 C331 3t^^— ' ®t3l (^3tC3 v Q “C3 x JJ3 ,, -3t| 
^C3tC3|C^ f% 31 l ; 3tf^C3 3F3^1 «itC^ ? SFN tq3°v C33f^3t3 
27 
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^ ^t 5 ! 3^1(1 i c<?* r — w 

tvsi'S'XH ^(33* ^tcw?! ^ c<w 3r& i 

cvrt^i^t'sr — 5?tf^f^tc^ M\% <2i3t3tm3 ^tfs^tw'G xsfe m 

3t^f33 «$3J<Stfa« C3*iJ3-3t| 33 \ 

C 9 tf«1Jt'Q 'Q C5t3tt#i<5tf33l 

^*3t3 W«r*I 331 3tc|* 331 3^3 I ^ 33 3t| *|v5t^<i|3 *1?! 
^C3tC31C*f 3lt33 ^3lC§ I ^lt<43 ^33 ^ ^3 C?t*t? ^ C3* 
SftftvS 31 I fafog ^^1 — 3^43 2>^3tt§ C3 33 C3^ 

33 ^ 3^re $$ C3*tef3C3 5<3l3fa3 “cw’^il 3tc3 t? 

cW\ *1^3 <2|&t3 33l ^3tt§ I ^3tf w*f«r« “c3*iR”-cirt*r3 
fe«3 43^ ^tsf^t^f C3*[ I 3j3 3l3 C^it^It'Q I 4^3t3 

sstel *tc*i cartes?! f^<$3 43§ n\w\$\ 3f33i *ii3i 3t^3 i cnfr 
4*it33t3 3iRt3l3i 5l$3tc3 C3H C3K erif®* nf3&3 orc i *tes 
’iftS C*lt3®iC33 3C?r «D3J> ^l3§ *H-C<3tW*f3 3f?C3^ CJtRc® *!twi 
3t^3 C3, ^ ^313(3$ C3*iJ3-C3C*t3 f®$3 C*ltf3*1 st^tpra 
C3 t3 *13331 <2:^*^ J «|<K <2{}3 ^ltMt^tf< C3t3^ ^ C?t*l3 

“$\% 33 I Cflt^^Jl ^‘l.ooo^oo I ^t3 f5$* 

*15331 4^*tSR C3t3 ^C3F3 3^3 C3t3, *15331 45tt35?3 ^3fl3 3|B&1, 
*15331 <^« c“-l33 K l, *15331 3t5e?3 I 5t$1 5t®1 «raH2f 

C3ta3t3t3l ®ftf% *15331 <33S?3 5^t3 I 

^3l3 <®lt3 43$1 331 3tc|3 331 3f*I3 I C3 C&C3tC2ft5tf33l I 
<£\t Ctt*ftt3 3tC33 *IC3?§ §^1 «ftf% 3i 3^ 31 3t53t3 ^131 *\\l% I 
3j%ff5 3§C3 C3, 33-C3-33 %z$\ 5t3l ^ 5313^5 “CWl'-SlcI* 
Cflt^l W 3t33l 3f*l3l I ^31, 3^5 333 3^ 

^131 I ^3t3 C?31 31^3, <£$ CWC K f3 1%'$3 x f5U3 C3t3. C3i3 

3* n v£| 3, C3t^ C3t3, l»t3 C31C33I 3t3 3C3 I <i]3^l 3t3 C53 I 

x I^33l 88*81 C3 ^?lf%3 3t3 C3^t3 f3^l3 H&t 
*\\% C3 ®flf%3 «l<t* (^1^t3 3C^3 C«it3 ^ 3.^3 ^3331 313 
i8 V| 3^ 33l3f33 C3 x J3*3U:l3 3t3^f*t I 33|^^ 



^rt^l 2\ \ 

? 5>tetOT3 f%^ OTtoWft *T$3Rl *T8 ^ 
«?Ht«l, *T5?Rl 53SR *iltf®ftt?l I 

^t c^twi ^«ti, «*§ c*i <tf| Trt^t? f% s^ »uf<F 

&§* ^ifflTO sii^f^ M\% *i«jiqfoS 

*PWlffa ^fS C3*t *J¥ I 5l*0^5f * filtftWCSI s> ^ TOsi 
vm «if^f fe i <[f%re c*r, f% cw^ 
f% 4^*1 4*Tpre s?tf% m* ^Ttfw <5fa1 «TM 3CW tllsiul 
^farfeMfolttS I 4 *TO5 C^tf 5 !^ 3tpRt f5H 

sfisi f*<* ?ra l ^®WH ^1, ^t*Rl i£& <tft*tfai 

^1? ^ sjwspF ffirc *tNi i 15^ ^t?i ^i|- 

ffaflR tW TO <i)^ TO1lf%Sl ^tfe*Tl C^I 1 

CWfa *F5 (ttaffifa *IC,5f CTOt^Fl ^fk^s <5p5J?? 5^1 Site? 5l5tE*fll 

*ictf f%c»n^ i 

3^1 *tC¥ ^ i cTOa *ift<3, 

*jtew?i *it¥l 'spsn kqTcvfw crosfa 

<2t&ft *fTO ^ «i^s ^1 <5ti^ W C^t®. I 

f^*tS°o TO TOtfa 9 ^ ^StTOlfo *H«lf53[ ^1 fac*ftTO TOi 

siftte I k*ltC3tC*fa *Ifaf53$1 W^fcl TIW 

5W1 WtS I k*HtTOil ^WtCTtC’l? ^ifl/.Wi C\ 

TO t>lfktC5, ^fftC^tQ Q*k TO 

$tfW» *ttfk*l^ Wff?3 nfaW GW1 I 

<TOt^f% ^pl^t 3N1 C^, SrtfTO «lf¥J 

c^twl 3t| TO i srifro ^cto % 

wt ^«ii ®t^i cnqtFr cm\w ^1 

i ««nw wi *vsW\ ^i c^^tc^- 

CT«Hc*i 51^1 «wl ^r| I ^ ^3j ^1 ^ I 4 

S3t?l^1%^ ^CTtWtC 9 ^! ^It^s tftf^Nl 

I ^ts^tCVrC^ ^twt^tf^ c^ ^t| 9tf^l 

C^ ^1l| ^B^f*T ^I-^t^t#l ®?lf^ 'Q <S1M 5llf%C^ 

«Hf%C^ I ^1 el’lH «i^1 I COTllSll^lf^^ 
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to, Tps qt^twH'S 

q>fqc$ ^C«T , ®!-?rt3ff^ta ^tc^l *fgq Til I 

**-*1*ttfr sfifaq 4Vs ^-^i5fi^?i fin:sf?r ?F*fora?r fessq 
*$$m *mn *\w ^\ ?t| cm] ^ i - ^w\ 
i^TfqqF ^iqj 'Q '®rtf^ «i^l qq q>fqc^ 5|if%c«i <fl^l#i^if®c^ 

fq^r^tq 3p{fcl ftcqsql q>ql ufeicq ^1 I ^3J|37 

C^f x l, ®?tf% ^1 cq fqpjq <F3l $tq1 sffc^r, qtsffe^ 

$1^1 33jC<5 ^ 9 Jql ^l3|q cscq q® ?! q>!lq C^TC^I qW- 

fq&f? f q>fqt3 qi'evi £q<J>fq 'stmi ‘q^f f%’ §f$! - ®it?p 

fof qq i 

lq?tq *roira *&]$ 

4$qtq m] qt^q qroi fog qf*r i 35^ qu*riq 
q^ft&sttq ■mUcwzz <2f^*i q^fq^ cufare *\\$zw cq, qi§*ta 
<fpfa 'm W3T ^315131 fa^ %^fa I ^WtWTC 9 ! 5 ? 

«rr1 fa q^*r, ^qtcq|% *ic§ qclfa spsfq, ^wtraiw 
fi®q «rfrc^? q^iifr q^ q^qi ^fqrqi cqqi wfqi 

^CTt«tC*t ^qq C^tCTl M «flf%’ , -?T| «rfCf fa Cqqftq «it*iql 

srfate <ttf% ct, qt^f% qitjq qTqfqt sqtq ■qc’fo qlqiqi 
Mfa. 4ift c^lwl at§ ^catciilc^ ^tcs fa cm tw ^qqfqq? qtirq 
ql «r®tq srfe ? ®itqtcqq cffc x f qfqtq c h5s «rfaai faq&ql’ q^fq cq 
^qtcqtc*fq “ cwfac® c^fftc^ff qt c’tmwm f%% cqqi 

m qi i fffrtR^ qt§3fac* mt ^q^tqqfi' qqqtftq c*r x i facq&qi 
^PH\ *f^q I ^fq^T ^q^l S 5 ? ^fa ^>1 1 ^1^ 

f^t^l^l $l>qt 4ltC^P CT, ^T^TtUff^ C«TC x f ^ff(*T '51TSW ^1 

«itf¥c^, 'ttftr ^t^itcw^ ^*1 ?it| ^1 ®f(f%-^t| ^1 ^ift^l 
^Hfff fatt' 9 lt^ ^1i ^ 

fil^lHS’f^wil r ^5 ^s ^¥f% «rf*Rt W^f ^ 

%t%l c^t%5 ^f?qi ! izftv 51NI c© vfrrt 
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*Tte1 £^TlC5, IW Sstete fc«fcl I ift\ 

51^ 5l5?tfa C<H, ifl^l 4^1 VT51 31§ I 5!v5l|«il?{ R5>t3 

fat I ^ COT *F*hM ^ ? Ufa* C3teWjt«tfSre x (T*l1 
c*rto*u«irte ^¥^1 \bs br witte fafe <p^f ) 

HlS>RW3 £id>'T>t^ *tN1 TO x t<TOl ***>!> BR C&ItTO^ 1 

*rte v£i<? *\p\] faf^vs to x i^toi *> z.m TOt%,^ i 

“^sfesT ( ctffvsi ) affa *rt*n ^iw vufa i£i^ w *regf?rt*r 

515ft ffl COT3 x t«^1 V> SR C^ItOT *ptff5te*®1 I Stel 5t^1 «ll£5 
Wt I ^fl?1 ^tet£tR ^t'G^tU TOl*J TO X I$TO to’* BR 

I 5fa ^tC^F x i^3i liTFSR, StetftOT OTl?l TORTOl 
smj ^1 5t^c<5 v iiir i f% ?— c^te q^-fafoaj I 

s»fOT RtetflR TOOT fate C*t, $!RtC3t%lR COT q^WSOT 
C^ttTOte fa ^ I I £iOT$ Sflfal ?t«H C5, ||||5| 

OTfa ^Jtslfa x ttet3 *fa ^1 51lft <31^1^ x tt*ite 511 ^ 31 
*J5FOT fat* *l\va 511 1 <R & fate 55, 5*11 ^j^J 

C*te %t TOTO *ttfa|far OTtOTI TO TOtfa^ C*RCfR TO^ fa*f 
?)f fa *rtfu<5 ^t*(I I *107 OT ^fa<5 sTO C*J, WEfote-^ 

fate, *i?teiTO ftTO *i3te^, fafhst&te fajlft ?itfalt i 
^TOtOT c^ c^twt cot, x ito toi fateTO^ *is?I 05 « *te^ 
TO^t^t TOte m°s fa fast *iffatw?i *K«tc* 

^tfatre, TOtet^ sot cr *tfatc?te ot eiri>lt$ TOTO3 

5lt5llfe^ «lTO5t5f I ^I’tvSteH^ ^tcw, 

^5lT0 ^i «i|^ ^(rtc^ sic^t^tta 5^, *lte ^tet5 

^ItSlIwA 5l^f?1 x itnC5f, ^k¥, 5l|f55jyi5ltC^t55lte, 

'G f?l x ^Wt?IC^ ^^5 tJtffft’l’Ztff *Fi% C^H ZfctiTl 

511 ^ftCOT #!^R1 'Stel ^f^lC'5 ^11^^51 R1 I «t5l ^IW'G ^ COT5 
’Ilpl^ 9 iC^i ' 5 l , l^t <£tc^^t%-f^wt€t 

5f5f, ^ cn cn c^tOT 5j5fw i ^tet5 §*i?i 

^Itf^^t CSflC^ 5% 

fa*tess ^jT**tfei^OTfl 1 ^CTtW1W5 
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— C 7 ! 1®) q*fj 5 }$ <313^* f 3TifVf5t^ 

^i ^r#r nrfi ^ 

f^tS RR’sji | ^1^1 S[N, ^t<3?f( fl|<3*lj ^f?J Tlt^llfi?^ ^|-3*it3 

^ ®j(f% ^j?i i£j>F SftPs? 15 C^*! V{| | ^f| ?tf?i^tC<l fftlRttf?! 

c^iwi tffa *[\m cstt5 i j^r *ih« 

^ifj? f®®^ ^Gm'Q wfa •{fe i «ii^i <f«ri 

3^131 alt’ll ^R^® C3, ^It*! ftSstW ^ 3v5 | fi^?, 

©f^t<T, £^|R^, 3itRF®J^, ?jtffa 

<4^ 3^5 ^C5 ^C3fC3tC*f?l > 2 fC^f^ COTt ^titaPRI 3W 

i ^tsl 3Tf5itf%^ c^w-ctm ^wtstpif^i 5?ifc-fa53 

sflw ^rtc?i ?it^ i f$3lc3 m Swiwtc^R 

*115135 Jft^RTOtW vil^F “*>[5?]'’ 3(*TC*l^ 'StWN?! «t5tC«R 

iprre i 3^*u5j$ twfotCTftofa sh$Mj» 
^jt^ifct^ 'g *tf?niE33 frown mi ^t^rfa frofofefc* 

1 to? fag wRrr 's tow i 

s^faC^ ^ *I?*f WM ^ W ?<5I | <STt3 'SH e\vU 3t|blR? 
^Rw« *fA c^ i *r®iR 15 ' I c^i«i c% c®*r, ^* 

?*rc^5jtfa «ri?i w cstfc cstt? c<TOfa «*w 4?^ 

^tft'7 ?i| i Mt«. 3t4i3 ^qtastsi f®f^ *ra i 

urtu sfcm «rt?t ^z^ *itsR ®nR, c«t x i 31 *T§ 

*ifeqi *rotf i ^it?J, satst^ ^f®5tt*i3 c&tw TOtfa? ?«li i 
t\?v\ Rfts 

?t|itc?i ^1 mz% «lCTt^fT RW5^| *c*t f% ? ^ 

«Jlt ^1 Jl^'Q ^5flR^ ^t| 

C*r^1 ^ r^F ? *KR W, ^tSflR Ufa ^ 

5VJjs , ^t«* 'Sfc C«Tt^ Mz* 

cm*\ ms v/sm -efctm, wtvfa * ^^v5tc#r^^r ^ 

Rw^R, ^ 1^1 ^rc^'G cnt »wt%^ 
nfm\ fawsHi mi &zvi%. i 
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x£& ^5)1 ^%<5 *nto ^ ®t3C^3 «folJ*lfl 

3^ftC?3l 3*^ &*J3 C3t5 fcfovS *ltfTO I ^t«r ^t?l 

^{%1?l CStS, 3$, Wlfl C?l x f C3 £t e it^5 'S TO 3t§ 9|f®3t 

c^i 331%$ 43? c^ to f^a c\im 

^ mft c%i$, 3 $, TOifo ?t| sfei fare <5t3^3t3)3 

«ttfaTC3 I ^13 'Sl^l 3^*1$ 5^C3 ^31^ ^TOf 

3t|feTO3 % ^1, 3F, «T I 





; : . TTpgf - - ; 

^ c 

ftw < 2 fc^ <Ifr5J\§5 < 2 ff ?i5S 
OfC*l? ttanrar sir ^\5 ^itc^^, ^1 ^roi ^ifatw 

I 5*4^ ^tR fm cTOfe 1% sfifa c%% aref 'G «jt*ftH- 
tfflcw *tTOt*ra $f«j fa^msTto© i to c^w 

j 

CSftTO 5t5 stf^ffo 5 ? i£p ^faCTR 5$3 *m ftra ctoi «rt*rfa 
^1 1 ^ 1^1 TO*«R «ltff *lfa 1 551 £lf IT ?JTO 

crofe, «it^'e cwfs wt srftq&c*, fc®t to CTO5 fos c*i^ «rtR*ta 
’wterajsr 1 ^tc*ra to «it*rci eim Rfwsffi 

5it^; to v£iw *ifro m TO, Win ^fTOfa 
5 jw ^rfro *rto to , ^tvstc^r nvs m 
TO 5 ^ > ^ C5 iSR\ $<5TO— TO®? C^ttOT 5tOT 

CFfR— TO 5 t$C?T *| 1 ^TO> <U^ftl ffiTOfa TOTO TOt*I TO 
WlC^ TO ^C*I TO, C^TOlfc ^1 CTO TO CTO TO** I 
^stR (il^TO TOI^J < 2 |f PI^ TO s^lTO— ^ ^S TOTO 1 TO> 
toto f&s ^t«rtf>i«n to TOtf> i to*i wl 5 i toTO #ic^ i 
c§t£ cto cto ^ <[cto *TO "Wtrwtt 

TO TO I CW TOfa-TOR CTO ‘CTO *1 C^llCTO TOTO 1 
CTO TORI < 4 ^ f¥TO3 f^t% *\f&H fitful l & TOTOt 5 ! 
2?3;iW C«rR— '5^'G C?5R1 ¥tC£ CTO/ fTO'S SftTOTO ffl^tdj 5 ! 
TO TO5TO fro I ^*1 s^S? TOTO CWC*& *fal TO CTO 1 !— 
“ftW 5 R f 3 f TO C¥^ ^ ^^ 1 — ’ ®faW*l 

C x lt«1 fw ^lT^t ,c f J I'Q 5 T) ^1 551 ^f^ff l” 'IWi’S ! 

I! Wtf[ II! 





The Place of Embryology m the Study of 
Animal Structure 

Bi Himadn Kumar Mookerjce (Calcutta) 

(Plate II) 

The study of morphology becomes difficult when it comes to 
determine the exact limitation of a particular structure This 
difficulty increases when we want to know the relative value of 
the structure in a comparative way In the animal world variation 
lies in different directions and these variations can only be explained 
if we know the embryology, habit and ecology of the animals 
Thus, in order to determine the exact value of a particular structure, 
we must know the developmental history of that animal which 
leads us to the study of embryology. 

Each animal passes through a series of successive stages and 
this we speak of as ontogeny. Some of the ontogenetic stages are 
universally familiar to us, such as those of the tadpoles of frog or 
the caterpillars of butterfly 

Nothing is more fascinating to a biologist than the study of 
organic evolution, and this can only be studied if we study the 
ontogenetic history, for we know that ontogeny repeats phylogeny, 
that is, the history of an individual repeats the history of 
the race. 

It was from the famous German embryologist Haeckel that 
we got the biogenetic law or his theory of recapitulation Von 
Bear, before the time of Haeckel, held the idea of progressive devia- 
tion At the present day the theory of recapitulation still has its 
staunch supporters like Professor MacBride, who says, “the larval 
phase of development represents a former condition of the adults 
of the stock to which it belongs 

Smith Woodward, the palaeontologist, says that he is con- 

28 
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vmced that whenever he is able to trace lineages he finds evidence 
of the recapitulation of ancestral characters in each life-history 

'Adam Sedgwick showed that from earlier stages of develop- 
ment it is possible to distinguish the very closely related animals 
His, the famous embryologist, went further than this when 
he said that m early stages of development animals can 
be distinguished into class, order, species and even sex 

During the last seven years 1 have been working on embryo- 
logy and I shall now pick up a few illustrations from my 
own ivestigations to show how the study of embryology is of such 
great importance, in order to co-ordinate a particular structure with 
the habit and ecology of the animal concerned 



Fig 1 —Back of the skull and also the first vertebra of Ophiocephalus stnatus 
showing the concave occipital condyle and the heavy zygapophyses between 

the skull and the first vertebra X 2 

oc con, occipital condyle, pr z, prezygapophysis , pt z, post- 

zygapophysis , v con , vertebral condyle 
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2 — Sagittal section through the occipital and the atlas regions of a young 
Btifo melostictus at 12 mm stage after metamorphosis X 50 

at ar , atlas arch , ax ar , axis arch , cp , cup , oc ar , occipital arch , oc 
con , occipital condyle 
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The number of occipital condyles, 1 e , the point of articulation 
of the skull to that of the vertebral column varies according to the 
different classes m the vertebrata Fishes, reptiles and birds have 
a single condyle whereas amphib’a and mammalia have double 
condyles Much depends on the number of occipital condyles 
because of the fact that one can, from the number, easily dis- 
tinguish a skull of either fish, reptile 01 bird, or amphibian 
or mammal, 1 e , such an important single character will determine 
the class. 



Fig 3 — Back of the skull of Calotes versecolour showing the occipital condyle X 4 

1 oc con , lateral part of the occipital condyle , m oc con , middle part of the 
occipital condyle 


Now, how to account for this variation ^ Whether a single 
occipital condyle of fishes, reptiles and birds is divided into two 
or the double occipital condyles of amphibians and mammals 
fuse into one, or they have different modes of origin, is 
the question The extreme hinder limit of the skull is the occipital 
arch The occipital condyles of the skull of vertebrata are separate 
elements from the occipital arch, and are ultimately superimposed 
on the latter, except in fish, although external morphological study 
shows that their origin is the same Prior to the investigation of 
the writer, it was the general idea that occipital arch and occipital 
condyle were of the same origin 

The occipital arch being the hinder limit of the skull, the arch 
which is the beginning of the vertebral column may be termed 



The Place of Embryology in the Study of Animal Structure 22] 

atlas, though it is not homologous m Anamnia and Amniota for 
the obvious reason that the first group has 10 pairs of cranial nerves, 
while the second has 12 pairs. Between the occipital region and 
the atlas there is an intervertebral body which acts as a buffer An 
intercalated arch is present on the dorsolateral sides of this inter- 
vertebral body, the existence of which was not previously known , 
this arch is not complete dorsally and does not enclose the spinal 
cord, the nerve, spinalis I, passes through or over this intercalated 
arch. 



Tig 4 — 1 ransverse section through the occip tal condyle of chick embryo of 12 
days showing the constituent parts of the occipital condyle X 60 

bd , basidorsal of the atlas vertebra , I oc con , lateral part of the occipital 
condjle formed from the intercalated arch between the occipital arch and the 
atlas arch, m oc con , middle part of the occipital condjle formed from the 
penchordal tube of the intervertebral portion, sc, spinal cord 
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In Fish, the limbs of this intercalated arch lie on the sides, a 
little above the level of the intervertebral body, so that when a 
strand of migratory connective tissue cells divides each of the limbs 
into two parts, those look like zygapophyses between the occipital 
arch proper and the atlas arch proper These zygapophyses are 
very massive in comparison with the zygapophyses of the 
other vertebrae. The anterior portion of the intervertebral body, 
after the division, fuses with the occipital arch to form the occipital 
condyle It is concave, as the vertebrae of fish are amphicoelous 

(Fig. 1). 

In Urodela, the intercalated arch lies almost at the same level 
as the intervertebral body and when the division of the two limbs 
of the intercalated arch gives rise to two occipital condyles, the 
intervertebral body, instead of being divided, fuses with the 
anterior end of the atlas, thus forming the so-called odontoid 
process. 

In Anura, the condition of the intercalated arch is exactly like 
that of Urodela. The two limbs of the intercalated arch is divided 
into two, one part fusing with the occipital arch to form the occipital 
condyle and the other part fusing with the anterior portion of the 
atlas vertebra, thus to fit m with the condyle (Fig 2) In Anura 
the intervertebral body, unlike that of Urodela, becomes divided 
One part fuses with the atlas and the other part fuses with the 
occipital region, in consequence of which there is no formation of 
an odontoid process 

In Gymnophiona, the formation of the occipital condyles is 
just like that of Anura 

In all Amniota, l e , in reptiles, birds and mammals, the 
limbs of the intercalated arch he at the sides, a little below the level 
of the intervertebral body. 

In Reptiles, the anterior part of the intercalated arch, which 
becomes divided from the posterior part, gives rise to the lateral 
portion of the single occipital condyle, while the intervertebral body 
fuses entirely with the skull to form the median portion of the 
occipital condyle Thus arises the single elliptical occipital 

condyle (Fig 3) 
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The formation of the single occipital condyle m birds is almost 
like that of the reptiles, except that the lateral portions of it, instead 
of having a big massive structure like reptiles, are narrow strips, 
so that the whole occipital condyle looks almost like a round body 

(Fig 4) 

In Mammalia the formation of the occipital condyles which 
are two m number develops exactly like that of Anura 

From the above statement it is clear that the formation of the 
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Fig 5 — Transverse section through the trunk vertebra of T riton vulgaris at 
20 mm stage showing the complete cartilaginous neural arch X 100 

ao , aorta , bd , basidorsal , n c , nerve cord , n ch , notochord , r b pr , 
rib bearing process , sd , supradorsal , v a , vertebral artery 
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occipital condyles depends on three structures — (1) and (2) the 
two limbs of the intercalated arch that stands between the last 
occipital arch and the first vertebral arch, and (3) the intervertebral 
body at this region, except in the ease of Fish where the first two 
factors alluded to are c' eluded and the single occipital condyle is 
formed from the intervertebral body only. 
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r,g 6 — transverse section through n trunk vertebra of Tnlon vulgart* at 20 mm 
stage showing the degenerated bnsidorsals X 80 

bd , bnsidoronl, conn nr rf , connective tissue arch roof, d shf dorsal 
shelf, in per, inner perichondrium in course of dissolution, cut per, outer 
perichondrium of basidorsnl which ossifies, rb pr , rib bearing process 
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Tuton vulgaiis is a sluggish animal and contrary to popular 
idea this newt is not an aquatic animal ; it merely enters the water 
in the spring to breed As this creature has lungs and not gills 
in the adult stage, it has to float in the water to take m air from the 
atmosphere. In order to facilitate such floating, the body should 


Fig 



7 — Parafrontal section through the trunk vertebrae of the tadpole of Rarta 
temporana at 22 mm stage showing the perichordal tube outside the 
notochordal sheath X 100 

bd , basidorsal , c c cartilage cell , cons n ch , constriction of the 
notochord , dil n ch , dilatation of the notochord , l v pch t , intervertebral 
perichordal tube 
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be very light 1 iic heaviest tissue of the body of a verte- 
brate animal is the skeletal system. In the developing stage, the 
neural arch, that is the one tiiat envelopes the spinal cord, ns well 
as the haemal arch that protects the blood vessels arc cartilaginous 



i ig 8 — I roninl kccIiou through the trunh verlcbn of joung Rana temporana at 
12 mm itagc after mctnmorpboM* X 80 

be! , bnstcloml , cct, connective Imuc growing in to form articulation 
iv c , intervertebral cartilage pch t, pcnchordnl tube, n cb , notochord 

arches At this stage the animal lias gills to receive oxygen from 
water, but as it glows into adult stage these cartilaginous arches 
undergo modifications The cartilaginous arches are formed from 
the two basidorsals on either side with a supradorsal on the top to 
complete the neural arch, and for the haemal arch the two basiven- 
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trals on either side with an mfraventral at the bottom to complete it 

(Fig. 5). 

The modification of these cartilaginous arches takes place as 
the animal grows into the adult condition, with their degenera- 
tion. The degeneration does not take place in the neural or the 
haemal arch as a whole, but cartilaginous cells of the basidorsals 
together with the inner perichondrial layer degenerate, leaving 
behind the outer perichondrial layer of the basidorsals together with 
the cartilaginous supradorsal (Fig 6) Thus ultimately the 
cartilaginous supradorsal and the outer perichondrial layers of the 
basidorsals of either side are converted into bone In the case of 
the haemal arch the cartilaginous mfraventral together with the 
outer perichondrial layers of the basidorsals of either side are con- 
verted into bone A comparative study of sections of cartilaginous 
stage with the adult osseous stage shows that the thickness of the 
cartilaginous arches is greater than in the adult osseous arches, 
because after the degeneration the latter is represented by the outer 
perichondrial layer only It is a sort of puzzle to find that m the 
larval stage the arches are thicker and in the adult stage these ele- 
ments look thinner This form of degeneration of the cartilaginous 
stiucture m the newt has not been recorded by any worker before 
the present author Thus the massive cartilaginous vertebral 
column becomes lighter. 

The surface area of the animal remains the same but 
the weight of the body becomes lighter, which enables the creature 
to float without much effort in the watei during the breeding 
period. 

If we take the measurement of a tadpole from the tip of the 
snout to the end of the cloaca which is the common duct for the 
urinary, the digestive and the reproductive systems, and also 
measure the same animal m its young condition of frog after meta- 
morphosis, we find that m the latter, the length will dimmish 
How are we to account for this puzzling diminution when we know 
that the skeletal system is a veiy rigid element Soon after the 
foimation of the notochord, vacuoles appear within the notochordal 
tissue The peripheral notochordal cells form a definite layer, 



228 


Hlmndri Kumar Mookcrjco 



Fig 9 — Transverse section of a trunk ■vertebra of Xcnopus lacvis at 52 mm stage 
before complete metamorphosis X 80 

ao , aorta, bd , bnsidorsal , d pch t , dorsal perichordnl tube, nc, nerve 
cord, n ch , notochord, mv pch t, midventral portion of the penchordal 
tube which is cartilaginous 


* 
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which is called the notochordal epithelium The notohordal 
epithelium m its turn is covered externally by two thin 
membranes, the elastica externa and the elastica interna, 
which are the products of the secretion of the notochordal 
cells In the meantime the mesodermal somites have liberated 
the sclerotomic cells from the ventro-median corners. The 
remnants of the mesodermal somites are now called the myotomes 
The sclerotomic cells which are libeiated from the mesodermal 
somites change their shape and become fibrous These fibrous 
cells surround the notochord by aggregating m the centre of the 
myotomal regions forming rings — the penchordal rings The 
rings of the fibrous connective tissue have extended in a cranial as 
well as m a caudal direction so as to foim a continuous tube — the 
perichordal tube Corresponding to each myotome there is a 
spinal nerve ganglion opposite the cranial half, and opposite the 
caudal half a scattered aggregation of sclerotomic cells The 
notochord which had a uniform diameter now exhibits momliforro 
swellings There are dilatations opposite the middle of each 
myotome and constrictions opposite the intermyotomal regions 
This moniliform shape of the notochord is, of course, caused by 
the perichordal tube outside it 

The dorsolateral aggregations of sclerotomic cells exert pres- 
sure and constrict the notochord and the perichordal tube in the 
intermyotomal (vertebral) regions The part of the perichordal 
tube at the bases of the dorsolateral aggregations is so thin that they 
seem to rest directly on the notochordal sheath. 

The fibrous perichordal tube m the intervertebral region is 
thickened, and owing to the pressure exerted by the dorsolateral 
aggregations (basidorsals) on it — -before and behind it — forms an 
outward bulge m the middle of the intervertebral region with two 
tapering ends and thus the zone of growth of the perichordal tube 
is restricted to the intervertebral portions The bulging constricts 
the notochord a little, so that the place where originally the 
notochord was dilated now becomes constricted (Fig 7) 

The fibrous perichordal tube becomes cartilaginous In the 
intervertebral portions these perichordal tubes have become larger 
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Pig 10 — Transverse section of the anterior portion of the urostjle of Xcnopus laevis 
at 52 mm stage before complete metamorphosis X 80 

bd , basidorsal , hy , hjpochordal cartilage, d pch t dorsal portion of 
the perichordal tube which is cartilaginous, n ch , notochord m v pch t, 
midventral portion of the perichordal tube which is cartilaginous, nc, nerve 
cord 
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and have greatly constricted the notochord As a result of this 
mpushing the intervertebral perichordal cartilaginous discs become 
shortened and successive basidorsals are thus closely approximated 
to one another and a shortening m length of the vertebral column 
as a whole is effected (Fig 8) 

n c 



Fig 11 — Transverse section of a trunk vertebra of Xenopus laems at 40 mm stage 
during metamorphosis showing the degeneration of the midventral cartilage 
of the perichordal tube X 80 

ao , aorta , bd , basidorsal , d pch t , dorsal cartilaginous portion of the 
perichordal tube , n ch , notochord , m v pch t , midventral perichordal tube , 
n c , nerve cord 
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, T* 1IS sort of constriction of the notochord is the real cause of 
the diminution of the length of the animal, since we know that if 

we constrict an inflated rubbei tubing at intervals the total length 

of the rubber tubing will be less than prior to having these constric- 
tions. 


n c 


bd. 


pch t ao n ch 

/ 

big 12 — Transverse section of a trunk vertebra of Xenopus laeots at 32 mm stage 
after metamorphosis showing the degeneration of the centrum except the mid 
dorsal portion of the penchordal tube X 80 

ao , aorta , bd , basidorsal , n c nerve cord , nch notochord , pch t , 
penchordal tube 



The African aquatic toad, Xenopus laeVis, has a very peculiar 
mode of life During its larval period, it is a very strong robust 
tadpole (Plate II , figs 1 and 2) With its metamorphosis into adult 
condition the animal becomes very much dorsoventrally flattened 
m order to be able to live m the cracks and crevices of the rocks m 
the water (Plate II, fig 3) It is interesting ' to note how 
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much' degeneration should take place in order to reduce the girth 
of its body Even the skeletal system should have a heavy amount 
of degeneration, otherwise it would not be possible for the animal 
to have a flattened body 

The notochord gets vacuolated, and at the periphery we get the 
notochordal epithelium Outside this there are the elastica interna 
and externa Mesenchymatous cells surround the elastica externa 
to form the perichordal tube At the same time the sclerotomic 
cells which were aggregated at the dorsolateial corners of 
the notochord corresponding to each posterior half of the 
myotome forming the basidorsals Eventually these basidorsals 
are chondnfied, but are still connected above the spinal cord by 
fibrous tissue In the vertebral regions the dorsal portions of the 
perichordal tube are chondnfied The sides of the tube remain 
fibrous Its ventral portion, however, becomes changed into 
rectangular unsegmented cartilage (Fig 9). The intervertebral 
portions of the perichordal tube have giown thick and compress the 
notochord just beneath the spinal cord, so that the notochord is 
monihform m shape Beyond the ninth arch there forms a mid- 
ventral cartilage just outside the rectangular unsegmented cartilage 
ol the perichordal tube which is the hypochord of the urostyle 

(Fig, 10). 

In the atlas region the whole perichordal tube is chondnfied, 
forming a rmg-shaped centrum The intervertebral cartilages, 
which were formed from the dorsal portions of the perichordal tube 
of the mterverterbral portions, are now divided into a ball and a 
socket The sides of the perichordal tube and its ventral portion 
consisting of the rectangular cartilage are also in rapid degeneration 
(Fig 1 1) Ultimately the dorsal part of the perichordal tube 
remains, so that the basidorsals rest on it (Fig 12) In the urostyle 
region the notochord and the perichordal tube also ultimately 
degenerate and the hypochord presses upwards joining the ninth 
neural arch (Fig 13) 

The hypochord is fused with the tissue representing basidor- 
sals anteriorly which is now chondnfied , but in its posterior portion 
this tissue is lacking, and here the spinal cord is exposed The 

30 
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rectangular cartilage formed from the ventral part of the perichordal 
tube is still persisting beneath the trunk vertebrae and above the 
hypochord m the urostyle region The centrum of the first 
vertebra is cylindrical, the rest flattened 



I ig 13 — Iratmcriu section tlirougli tlie anterior portion of the urostjle of 
Xcnopui lacvit at 32 mm stage after metamorpho ' k showing the hjpochordnl 
cartilage in close contact with the ninth neural arch after the degeneration of 
the centrum X 80 

d r , dorsal ridge bet bnsidorsal , d pch t , dorsal part of the perichordal 
tube hj , hjpochord, nc ntrve cord 


The above examples enable us to recognise the utility of the 
study of embrylology. Such a study has hardly been appreciated 
by researchers in zoology in India Whde systematic study as 
such has its utility, the deeper one — embryology — is no doubt more 
essential for the advancement of fundamental knowledge of 
organic evolution. It has a prompt recognition in all countries and 
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publications in journals are readily available Its utility is more 
apparent It is only in a few Universities m India where this line 
of study has been taken up very lecently and I hope more workers 
would come forward to undertake investigations in this direction 
Several workers are now investigating m different embryological 
problems m the Zoological Department of the University of 
Calcutta. 
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Need for a Hydraulic Research Laboratory 

in Bengal 

HiM N Saha (Alhlnbnd) 

[Withm the past ten years (1922-1932) large legions in Bengal have 
been visited by two catastrophic, and many other mmoi floods, causing 
widespread havoc and distress amongst the rural population Acharyya 
Prafulla Chandra Ray has been foremost amongst the leaders of 
the country m the mattei of organisation of relief for the flood-stricken 
people He identified himself so thoioughly with this work that Mahatma 
Gandhi jocularly descubes him as the “Doctor of Floods” When the 
writer of this article was asked to contribute an article to the Jubilee 
Volume which is to be presented to the Acharyya on the happy occasion 
of his seventieth birthday, he thought that nothing could be more pleasing 
to him for this occasion than a scientific analysis of the causes of these 
catastrophic floods and other attendant evils, such as malaria and erosion, 
and suggestion of measures for combating them The leaders may not 
agree with the writer’s findings and opinions, but he will consider his 
labours amply repaid if this article induces them to serious thinking 
about these devastating calamities on independent lines of their own 
It may be added in this connection that in preparing this article, the 
writer has drawn very freely from articles by Rai Bahadur Dr G C 
Chatterjee, M B , the eminent bacteriologist, who has rendered signal 
service to the country by organising the Co-operative Anti-malarial Society 
and by calling attention to the acuteness of the problem m several thought- 
ful contributions Thanks are also due to some friends who prefer to 
remain unknown ] 

The need for a Hydraulic Research Laboratory m Bengal for 
the study of her river problems has been long emphasised by experts 
in this line We refer to the opinion expressed by Sir F Spring, 
C.I.E , Chief Engineer to the Government of India, m 1903, who 
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was responsible for the design of a large number of railway bridges, 
the most well-known being the Sarah Budge over the Ganges* 
Bengal is a land of rivers, and her prospenty and health depends 
entirely upon the proper behaviour on the part of her Great Rivers 
and their tributaries. It is well-known that in the past change of 
river courses either by men or by Providence has been attended 
with dire consequences In the fifteenth century, the city of 
Gnur, which was the capital of Bengal for over a thousand years, 
and is reputed to have possessed a population numbering over a 
million, was completely laid waste by a terrible marsh-fever, which 
was due to the diversion of the course of the Ganges and creation 
of an unhealthy marsh in the vicinity of the city Within the last 
hundred years, whole districts have been ravaged by malaria and 
black-fever, and according to competent authorities, these out- 
breaks can be ultimately traced to changes in the course of rivers 
and other waterways b 3 ' men or by Providence 

Thus the Atraye and the Karatoya basins m North Bengal 
comprising the districts (partly or wholly of Jalpaiguri, Bogra and 
Deenajpur) have been ravaged by malaria owing to the diver- 
sion of the waters of the Teesta river to the east between the years 
1768-1825 Central Bengal which enjoyed a salubrious climate 
during the whole of the Moghul age and early part of British rule 
is now fast becoming a wilderness owing to the blocking of the head- 
waters of her river systems (the Bhagirathi, Jelanghee, etc) by 
sand deposits, arid blockmg of the inland waterways by railway 
bunds and bridges West Bengal, which was as healthy and pro- 
perous as Central Bengal upto 1850, has been converted into a 
malaria-stricken wilderness by the construction of railway bunds, 
and blockmg of the headwaters of the Damodar and her tributaries. 

It is rather strange that in these days when Science 
is being applied to every walk of life for increasing human 
comfort, this problem of river control has never been scientifically 
studied m this country The Government is in the habit of boast- 
ing of the amount of great engineering works of public utility for 
which it has been responsible The inner history of these works 
is not so well-known to the public. It was very lucidly exposed 
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by Sir F Spring m his “River Training and Control”, published 
nearly thirty years ago 

The absence of any organisation for recording experience or original 
Research in connection With the physics of Great Rivers 

I As trustees of so fine a property as this — canals and railways, it 
might not unresonably be expected that the State would see the importance 
of devoting a comparatively small annual appropnation to original 
research, on lines likely to be productive of a good leturn for the expen- 
diture, m the form either of reduction in. the first cost of its public works 
or of their safety and their economical up-keep when built Heretofore 
there has been no pretence of organising any such research in connection 
with the engineering of the canals and railways of India Engineers have 
gone on blundering, benefiting, rather by chance than by design, by the 
experience of their predecessors, and each considering himself luchjy if he 
escapes disaster at the hands of the tremendous forces of nature — amongst 
which some of the most potent for good or evil are the great rivers — 
With which he has to struggle Until quite recently there has been practi- 
cally no encouragement, and indeed at times there has been discourage- 
ment, to men to publish their experiences And so, in spite of having 
perhaps as fine a body of scientific engineers as any country, not exclud- 
ing France, has m its employment, and in spite of this body of public 
servants having carried out darmg and extensive works of a certain 
chaiacter, chiefly, m connection with the great Indian rivers, on a scale 
unparalleled elsewhere, the state possesses the most meagie record of 
the history of the works carried out so successfully by its employees In 
putting the chapters of this book (River Training and Control by Sir, F 
Spring) together, the author found extreme difficulty in ascertaining what 
had been done, what difficulties had been encountered, and how these 
difficulties had been surmounted, and it has needed the expenditure of 
nearly a year of research to enable him to offer to the Government of 
India the advice, contained in the foregoing chapters, m regard to one 
limited phase of the engineering of great rivers. Time will show the 
value of that advice, and doubtless further experience will modify the 
practice recommended But meanwhile the author Would urge on the 
Government the importance , from a mere money point of view, 
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of insisting on the maintenance of an intelligent record of the history of 
such worlds as those dealt With in the foregoing chapters 

The Consequences of lack of Organisation 

“ ^ regard to the physics of long reaches of the great rivers, 

the author is not in so good a position to speak His special experience 
has been gained rather on short lengths of such rivers in contiguity to 
Ins works In view of his practical inability to regulate the flow of great 
lengths of such rivers he has viewed the mimical consequences of the 
11 regularities of their flow, in the form of deep and dangerous scour, as 
requiring to be fought by sheer irresistible force rather than by coaxing 
This necessarily must be the attitude of the engineer in charge of great 
bridges, and perhaps to a lesser extent of those m charge of great 
irrigation weirs But they ought not, for that reason, nor ought the 
State, to lose sight of the importance of endeavouring, by consistent, 
logical and well organised research, to learn something more definite 
than is now known about the physics of long reaches of rivers A 
perusal of chapter III and XXI, as well as of Mr R A Molloy s 
Technical Section paper No 1 18, will suffice to show how blindly, hereto- 
fore, in the interests of the residents on their banks, men have been 
fighting against the ill-will of some of the great rivers, whether on behalf 
of the maintenance of levees 1 ' whereby devastating floods are excluded 
from great inhabited areas, or for the conservation of the heads of inunda- 
tion canals on whose integrity the welfare of many thousands of people 
is dependent, or in the interests of riparian cities whose obliteration would 
be a blot on the administration of civilised and intelligent rulers It 
is difficult to avoid the conclusion, after perusal of chapter XXI, that 
for lack of adequate ^nouiledge, the engineers concerned With the 
interests of the inhabitants of the valley of the Indus have been obliged 
to work more or lessen the dark in their fight With that river, and to 
make matters worse it has constantly happened that, owing to the climate, 
to the exigencies of public service, no sooner does one engineer get some 
small inkling of the tricks than he is replaced by one with all 

* This is a word of French origin, which is used in the USA to denote 
embankments, 
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his experience to gam, and in six months he, in turn, is replaced by 
somebody else whose experience of the rioer has perhaps been limited 
to crossing it Hou>, under so haphazard a system, anything gets done 
at all is a maroel, and instead of being sui prised at £100,000 worth of 
work having been wiped out, the State may congratulate itself if the 
loss is not double However there is always the satisfaction, in the case 
of such expenditure as that dealt with in chapter XXI, that the whole 
of the money has remained m the country, and that if the taxpayer 
takes money out of his coat pocket only to put it into his waistcoat pocket 
he can always pick it out again, or its equivalent ”f 

Suggestion for the appointment of a River Commission 

3 “The appointment, for say 10 years of a River Commission not 
merely for the Indus, but for the organised study of the physics of great 
alluvial rivers generally, would be a service to civilization and an act 
Worthy of a great State The Mississippi Commission have done a gieat 
deal, but their experience is not to any gieat extent applicable to Indian 
conditions The experience of the engineers of the Rhone and 
the Danube and other European rivers, though valuable m its way, is 
even less applicable to India than that gamed on the Mississippi Mr 
R A Molloy’s attempt at a theory, as summarised very inadequately m 
chapter III, is the first that can be characterised as a scientific generaliza- 
tion of the river problem that the author has heard of m India And 
even this is based on inadequate data, picked up anyhow, amidst the 
multifarious duties falling to the engineer to a system of inundation canals 
There is need for a thoroughly scientific location, and for the automatic 
reading, of gauges at hundreds of places, for several years, along great 
lengths, selected with care and knowledge, of several of the great Indian 
livers, also of some systematisation of the surveys which usually are under- 
taken on these rivers, and of the making of fresh surveys specially 
designed to elucidate facts, also of an organised system of soundings and 
sections The engineers in charge of the work must steadily keep m 
view the ultimate object of it, and must not make a survey merely for 


f This is not quite tight , the money so spent goes to the pocket of British manu- 
facturers who supply most of the materials 
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the sake of a see/, on The object m view Will be To present to the 
scientific world, and especially to the engineering world, and mere parti- 
cularly to the engineers of structures , n India that are subject tc fury at 
the hands of the great alluvial rivers, such an explanation o / the probable 
action of these rivers, under various circumstances, as will allow of such 
action being anticipated, and especially, to enable the engineer to 
utiltse fully hts knowledge of the rivers, so that he may make a servant 
of it, instead of being as it is now very often the case, his master 
There can be no doubt at least from the author's point of view — that 
more money has been wasted, fer want of just such /^noto/ed^s as a River 
Commission might provide, than would have sufficed to pay the entire 
cost of it many itmes ever Certainly, so far as training works m connec- 
tion with bridges are concerned, m rivers of the class with which the 
author has chiefly concerned himself, most engineers responsible for such 
works would probably admit that whether they spent money unnecessarily 
as an insurance against their inevitable lack of scientific data, or that 
they were unduly economical, with either disaster, or heavy annual 
recurring expenditure m after years, as the result Thus looked on from 
the lowest or merely commercial standpoint, the establishment of such 
a Commission ought to be highly remunerative 

This long quotation speaks for itself It is a Veiy powerful 
argument in favour of establishment of not only a River 
Commission but also of a laboratory foi reseat ch in Rwe . 
physics If anybody could have calculated the total damage, which 
is consequent on the haphazard policy of the Government and the 
consequent errors of the Engineers for which they cannot be held 
responsible, for they were working under orders, I think the same 
would have run to millions of rupees This may be attempted 
on a future occasion, by a competent economist 

Meanwhile it is a matter of pity that neither the Central 
Government nor the Provincial Governments excepting the Punjab 
Government has thought it necessary to piofit by Sir Francis 
Spring’s advice To repeat Sir Francis’s words ‘In the meantime 
engineers have gone on blundering and we may add committing 
the country to huge financial losses’ Though Bengal had not had 
her Back Bay Scheme, or anything like the Mundi Hydroelectric 
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Scheme, she had to pay a bill of a crore of rupees for the Grand 
Trunk Canal Scheme, which was planned and launched by the late 
Chief Engineer, but was fortunately stopped in the earlier stages 

Much of this unnecessary loss can be stopped if the Govern- 
ments took some action on Sir F Spring’s advice given to them 
thirty years ago An examination of his remarks shows that his 
scheme may be divided into two parts . — 

1. Establishment of a River Physics Laboratory for study of the 

problems of River Training, Floods and Irrigation and 
Navigation in Bengal. 

2. Establishment of a Field Service which will undertake a 

hydrographical survey of Bengal, including relevant studies 
in topography, precipitation and other geological factors. 
This corresponds to Spring’s River Commission. 

Sir F Spring laid more sress on (2), but 1 submit that (1) is 
equally or more necessary 

The idea of a River Physics Laboratory is not new England 
has no laboratory of this kind, excepting a recent Ship-building 
research laboratory attached to the National Physical Laboratory at 
Teddington, because England has no river problems on a scale as 
we have got m India or other countries of the continent Hence 
English engineers of the past generation have not been alive to 
the necessity of having such a research laboratory But every 
other civilised country possesses a number of private and public 
laboratories attached to Technical High Schools or Universities 
I give a list of such laboratories which is by no means exhaustive. 


1 


List oj Hydraulic Research Laboratories oj the World 


Laboratories 
Germany — 

Berlin (Charlottenburg) 

Dresden 

Dantzig 

Brunswick 

Karlsruhe 


Directors 

M Grantz 
H Engels 
R Winkel 
Max Moeller 
Th Rehbock 
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Laboratories 

Directors 


W llhelmshaven 

W Krueger 


Munich 

D Thoma 


Goettingen 

F Prandtl 

2. 

Austria — ' 



Vienna j 

r F Schaffernack 
[ P Forchheimer 


Graz 

A Schoklitsch 

3 

Czecho Slovakia — 



Brun 

A Smrcek 

4 

Hungary — 



Budapest 

A Rohnnger 

5 

Soviet Russia — 



Leningrad 

Tashkend 

Timonoff 

6 

Sweden — 



Stockholm 

W K A Fellemus 

7 

Norway — 

- 


Trondjem 

O Heggstad 

8 

France — 

Grenoble 


9 

Italy — 



Milan 

Fr Marzolo 


Padua (Roy Eng School) 

E Scimemi 

10- 

Holland — 



Delft 

J T Thijsee 


1 1 United States of America — 

(The American Laboratories are sometimes attached to 
Universities, sometimes they are managed by private organisations) 

Cornell University, New York J Freemann 

State University, Iowa P Nagler 

Worcester Polytechnic, 

Worcester G Allen 

Alabama Power Col , 

Birmingham - - A Winter 
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This list is by no means complete For example, m Italy there 
are important laboratories at Rome and at Pisa attached to the Royal 
Engineering Schools Details of French laboratories are lacking, 
but there are important hydraulic laboratories attached to the 
University of Toulouse, and one at Bordeaux. 

In Germany, many technical high schools possess more than 
one laboratory, each devoted to a separate branch 

The Rwer Physics Laboratories of the World 

Germany has been the pioneer, as m many other enterprises, 
in the development of these laboratories, and the activities of her 
trained experts and scientists have done immense good to 
the development and improvement of her inland waterways, 
harbours, canals, and to the dwellers of the riparian tracts There 
are permanent Rhine river and Danube river commissions 
composed of experts (not politicians 01 officials) of different 
countries through which these rivers pass After the Great War, 
the Hapsburg Empire has been dissolved but the Danube River 
Commission continues its activities at Vienna 

Italy, the first country to feel the invigorating atmosphere of 
the Renaissance, was the first amongst the modern nations m 
tackling problems of River Training, for even in the seventeenth 
century, her great pioneers of science, Leonardo da Vinci, Galileo, 
Torricelli devoted their time and energy to the problems of the 
river Po flowing through the rich plains of Lombardy. They were 
the first to develop scientific embankments But like many other 
efforts of the Italians, her early start was nullified by the unsettled 
political condition of the country and by long- continued foreign 
domination Even the modern science of river physics owes its 
inception to an Italian The following passage is taken from 
Freeman’s book on “Hydraulic Research Laboratories’’ 

“In 1764, Paul Fnsi, Professor of Physics at the University 
of Milan, wrote his celebrated treatise on the nature of torrent 
and gave great credit to the work of Gughelmmi, published half a 
century before 

“Frisi paid his compliments to the mathematicians for 
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the absurd results they had reached by reasoning from 
a priori grounds and declared that hydraulics is not a branch 
of mathematical science, but is a branch of physics Al- 
though to-day its conceptions and its science appear crude, this 
work of Fnsi was so highly regarded that more than a century ago 
it was translated into the English language at the cost of the English 
Government for the use of its engineers m India, who even then 
had begun their gigantic watei -storage and irrigation woik$.” 

The Engineers in India follow antiquated methods 

From Spring’s remarks, it appears that the engineers m India 
are still following the two century old treatise of Fnsi, and have 
gone on blundering with their gigantic storage and irrigation works, 
and presenting gigantic bills to the Public Exchequer for their < 
haphazard way of working There have been laudable attempts on 
the part of several engineers to study the problems scientifically, e g , 
Cunningham’s studies at Roorkee, and Molloy’s studies m the 
Indus River, and Spring’s works at Sarah But for the most part 
of their work, these studies have neither been sustained, nor 
preserved adequately There is no indication that they have pro- 
fited by the lessons obtained at the great European Laboratories 

Russia — The case of Russia merits attention The Czarist 
Government was busy with wars, ordinances, and suppression of 
those human pests, the Socialists, and Labouiers and Terrorists 
But the Bolsheviks have taken very early steps of organising two 
of the biggest hydraulic Research Laboratones m Soviet Russia, 
one at Leningrad, and the other at Tashkend m Central Asia, m 
which the services of great German and Austrian experts were 
requisitioned According to the testimony of Dr Schaffernack, 
Director of the Vienna Laboratory, whose services were requisition- 
ed by the Soviet Government, the Tashkend Laboratory is 
the biggest and most sumptuously fitted m the world It 
will deal with the problems of the Amu Daria and Syr Daria 
basins These were great centres of population when the country 
was Buddhist from the first to the eighth century A D , and also 
during Mahomedan times up to the sixteenth century But 
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centuries of Turkish, Moghul and Russian misrule converted the 
country into a desert The Soviet Government intends to restore 
the country to its pristine prosperous state, by undertaking huge 
river training works, but preliminary to such work, they have built 
a large River Physics Laboratory for scientific study of the 
problem. 


Study oj Rmer Physics, in America 

America comes to the opinion that the Physics of Rivers 
should be first studied m the laboratory before any great engineer- 
ing problem is undertaken 

America — In the U. S A one meets with river problems 
on a scale which are rivalled only m India The Mississippi is 
quite as difficult to manage as the Ganges So long, the care of 
the Mississippi was entrusted to Army Engineers, who went on 
strengthening the levees (embankments) m order to keep the flood 
within the embankments They declared proudly in 1926 that 
Ihe rivers has been tamed once for all, but the river belied then 
sanguine hopes by bursting through the embankments m 1 927 , and 
creating the most devastating flood ever known Since this incident 
a strong feeling has been growing that the Physics of the River 
should be first scientifically studied with laboratory models before 
any further engineering work on a huge scale is undertaken, and 
through the efforts of J R. Freemann, a number of research 
laboratories have been established Regarding the USA, 
Freemann says in his introduction to Hydraulic Laboratory Practice 
— I quote his opinions fully because his remarks apply to the situa- 
tion m India 

“As one delves into the history of the development 
of hydraulics as a science, it becomes plain that those 
who observed natural rivers far apart and not subject 
to experimental control, mostly failed to discover the 
laws that controlled their movements of water and 
sediments, and that those who treated hydraulics as 
a branch of pure mathematical research irfStead of as 
a branch of experimental mathematical physics, mostly 
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got lost m their a priori theorizing It becomes plain 
that those who used the Laboratory method made most 
of the useful discoveries.” 

“Although the name ‘hydraulic laboiatory’ is modern, the 
underlying idea is old Apparatus and methods answemg to this 
name doubtless were used by da Vinci, by Galileo, perhaps by 
Archimedes In its earliest forms the laboratory was extremely 
simple, a tank with an orifice and a measuring basin , or a small 
water course, like that used by F argue m France, within which the 
motion of small streams of water could be studied, and the laws of 
of motion for rivers inferred Within recent years, the name has 
come to suggest a special building, filled with many kinds of 
apparatus, pins, measuring tanks, weirs, channels with plate glass 
sides, special photographic cameras, small-scale models of channels 
and structures, spouts, meters, manometers, and glass tubes 

‘ ‘The most powerful instrument for research m the latest and 
best laboratories for studying river structures and water turbines has 
come to be the small-scale model A used with an understanding of 
the mathematical principles of hydraulic similitude By these 
methods of hydraulic similitude many great problems of highest 
importance and involving quantities and forces on a grand scale 
can be taken from the great out-of-doors into the laboratory and 
solved by means of experiments upon a model having linear dimen- 
sions only one-tenth or one one-hundredth part of those m 
the original channel or structure 

“However, when one takes large problems from the flowing 
river, or tide-swept harbor, into the laboratory, it is of the highest 
importance that comparison between the original and the model 
be maintained step by step, and that traps be set in which to catch 
and measure every conceivable source of error, because some of the 


■* Even the British are gradually coming to realize the value of researches of tins 
type The Shannon River hydroelectric project in Ireland was studied in 1927 with 
the aid of laboratory models in Charlottenburg, and an English company in the Malay 
Peninsula is getting their projected hydroelectric scheme at Chenderoh studied at the 
Stockholm laboratory Further, mention may be made of Prof Gibson s model experi 
ments m the Mersey River Four Reports have been published by the British Government 
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relations of cause and effect m rivers m shift or current and m 
behavior with sediment arc extremely delicate and elusive 
Although the forces which control the movement of particles of 
sediment may be as delicate and variable as those which control the 
dance of the individual motes of a sunbeam, all arc subject to 
definite laws , and while the paths of individual particles may be 
beyond our grasp, the general mass-effect is commonly found 
subject to analysis and control The laboratory can tell us how to 
piedict and how to control these mass effects. 

“Obsei cation on natuial nVei has pioved a slou) and almost 
hopeless road for one who desnes to discover the laws though which 
riVeis can be conti oiled and regulated , 01 by which they can be 
made to dig then own channels whctc man wants them, 01 to one 
who desires to learn how to cause iiocis to sustain then burden oj 
silt and sediment and cany it to the sea There has been a painful 
lack of precision of measurement throughout nearly all the vast 
mass of recorded observations, and a general failure in the attempts 
to apply rigorous mathematics and devise precise formulas, laigely 
because of lack of precise data fiom piccisc observation 

“Often, it has been said by engineers and others that ‘Nature 
prefers a gently curving course for rivers,' and thcrcfoie man should 
curve his channels for navigation, or for flood relief, oi foi 
leading a volume of water to a power drop This is more the 
expression of a poetic dream than a caicful statement of facts 

“It is a wise piovision of nature that has caused nvcis to seek 
meandering courses, because there fcitilc plains arc slowly built up 
from the sedimentary matcnal brought down from the erosion of 
the mountains Man commonly desires channels of a different 
order, straight and deeper, and betlei adapted for navigation 

“Sometimes m engineering practice theic are good icasons foi 
curving the course of a channel, as for causing the swiftei 
current near the concave shore to maintain a well-defined 


* I hese remarks justify the pie v for tht i labh hment of a resturch laboratory 
for the study of river physics A mite ri\er commrsion ns suggested by Spring would 
not improve matters much 
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channel for navigation, or for concentration of deposits at ‘cross- 
overs’ between reversed curves , but commonly the strongly cur- 
ving channels may be far from the best for purposes of navigation 
or flood control. 

Sometimes there is need of quicker discharge of floods, and 
sometimes need for detention Often it is important to control 
the movement or deposition of sediments ranging from boulders 
and coarse gravels brought down by Alp ne torrents to the finest 
sands or to the colloidal silt We can best find out how 
to call the great forces of nature to our aid, by means of the 
laboratory model, checking up, step by step, and comparing the 
action in the model with observations on the river or harbor 

One must be extremely cautious about generalizing from the 
scanty data and the uncertain parallels of observations upon rivers, 
m which many distinct causes combine to control flow, erosion, 
and sedimentation A confusion of causes prevents accurate 
deduction On the contrary, in the laboratory these diverse 
causes, such as burden, or kind, or coarseness of sediment, 
roughness of bad curvature, velocity, turbulence, salinity, 
temperature etc , can be singled out, controlled, and varied on at 
a time 

“I have long been strongly of the opinion that by means of a 
patient study of this kind, with field observation and laboratory 
experiment continually supplementing one another, we can learn 
to deal more boldly and more successfully than heretofore with 
many of these problems of changing the course of large rivers, and 
sometimes can straighten them with great advantage, and that the 
forces of nature can be invoked to perform a large part of this work 

“I believe that even the problem of straightening the 
Mississippi may be solved by long- continued experimentation in 
laboratory and river, showing how its great bends, like those near 
Grenville, may be changed to far shorter, gentler curves, thereby 
giving a greater declivity and greater scouring force to the current, 
which then will dig deeper its river bed, so as to carry great floods 
Within banks with lower levees, perhaps ultimately with no levees 
at all in certain long reaches and with far greater safety to life 
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and property than now, and without need of any such vast spill- 
ways as are now being proposed. Also it is my belief that the 
flood surface can be lowered by lessening the height of the cross- 
over bars through narrowing the river at the cross-overs, by means 
to be worked out partly m laboratory and pailly m the field, also 
that as the culmination of certain lines of research, one may learn 
how to build cheaper, quickei, and more permanent riverbank 
revetments, and how to keep the South Pass’] open without constant 
dreadgmg. 

“Last summer, at Karlsruhe, I was told that with each 
practical major problem that had been taken into their river- 
structurc laboratory, the saving in structural cost due to the 
mformat’on thus gained had been more than equal to the entire 
cost of laboratory building, apparatus, and research At Charlot- 
tenburg, and elscw’hcrc, 1 gathered that laboratoiy research with 
the aid of small models had been similarly profitable 

“Personally, I have little doubt that a suitable river structure 
laboratory, in skilful hands in the Un ted States, could be made 
to pay dividends of a thousand per cent per year on its cost One 
has only to study the vast appropriations for nver and harbor 
improvement made by the United Slates during a term of years 
e g.', two millions of dollars w'aslcd in futile experiments on the 
Mississippi for narrowung the channel by permeable dikes, about 
600,000 dollars wasted along the lower Coloiado, and nearly tw’enly 
millions spent before success in tiymg to open the South Pass 
mouths of the Mississippi for big ships, or to consider the problems 
of the California. Debris Commission or the present conditions 
along the Missouri River, to see that such a statement is not extra- 
vagant 

“Ancient Rome had important river problems The question 
of cutting off a river bend in the Tiber, which threatened Rome, was 
gravely discussed by the Senate and dropped for the profound 
reason that “Nature understood what was best when it formed the 


* Spillway — n Bide channel for carrying excess flood v»iter 
f The point at the head of the Mississippi delta 
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river in its present shape Two thousand years later, Professor 
Rehbock of Karlsruhe, b}' means of experiments upon five 
successive laboiatory models, showed how a similar problem could 
best be solved by a short cut across the neck of a horse-shoe bend 
from which the backwater threatened Nuremburg in times of flood 
Meanwhile fifty yeais or more ago, by methods of “cut and try”, 
Geiman engineers had cut out the great bends and concentrated 
the flow of the Rhine into a single channel, between Basel and 
Mannheim, shortening the river 23 per cent with great advantage 
to all concerned 

“Strange to saj', m view of the size of our rivers and 
the importance of the problems they represent in navigation and 
flood control, there is not yet in America even one laboratory well 
equipped for the study of river problems , and still more strange, 
the military engineeis to whom American river and harbor 
problems have been given to keep them employed in times 
of peace, have not 3 'et awakened to the utility or understanding of 
research of this kind They are still in the “phlogiston age” of 
applied science f 

“That m America we have not yet even one river-flow 
laboratory camparable with those of Germany is strange, because 
the rivers of the United States present some of the most important 
hydraulic problems that can be found anywhere m the world ” 

What is the object of a Hydraulic Research Laboratory 
The object of a Hydiauhc Research Laboiatory are thus defined m 
Lreemann’s book — 

"(a) Those designed primarily for pui poses of instruction at engineer- 
ing colleges 

"(b) Those designed primarily for research, some established by 
National Government, others by builders of hyrauhc machinery 
“(c) Those m which both purposes are combined “ 


* The result \vas tint imperial Rome decayed through outbreaks of malaria 
t It appears that the USA ins to pa> her toll to vested interests ns %ve are com 

pellcd to do so in India 
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The work done at these laboratories are of a multifarious 
nature — 

1 ‘'The ordinary hydraulic laboratory, commonly a tempoiary 
installation of apparatus, designed for giving once foi all, for use in the 
routine work of the engineers, accurate constants to be applied in formulas 
foi computing the discharge of water from onfices, nozzles, and weirs 01 
various shapes undei vanous heads, or for estimating the discharge of 
pipes, conduits, and open canals under a given hydraulic gradient, or foi 
giving the height and range of jets undei given heads ” 

2 “The general laws oi formulas governing the motion of water for 
each of the above problems arc tolerably well known, but with the pro- 
gress of time more precise coefficients or constants are required 

3 ‘ The Tlussbau’ or river-structure laboratory designed as a 
permanent structure with facilities for various set-ups of apparatus, for 
establishing hydraulic laws applicable to special problems within the field 
of the civil engineer, particularly those which deal with the improvement 
of rivers and harbors (involving erosion, transportation and deposit of 
sediments), the building of dams and the out-of-doors accessories of water- 
powei development, and the storage and distribution of water for 
municipal supply This type is proving useful in the pieparation of 
designs such that obstruction of sluiceways by ice or logs will be 
minimized, that floods will be most readily discharged 

4 “The water-turbine laboratory, especially designed for helping the 
mechanical engineer in the development and perfecting of various types 
of turbine water wheels and centrifugal pumps, and adjusting a design 
to give the best practicable efficiency for a particular head and speed 
of revolution, and for vanous percentages of full discharge 

5 “The naval tank or leboratoiy, designed foi providing the naval 
architect with means for studying the resistance to the propulsion of ships 
or canal boats of various forms at vanous speeds by experimenting upon 

* The formulae are only empirical and hold only for the rivers from which the 
observation data were compiled The mam defect of the hydraulic laws are that they 
have been defined from conditions of steam line flow whereas in all the above problems 
we have to deal with turbulent flow The dynamics of turbulent flow have been stud’ed 
in recent years by Prandtl and his students at Goettingen 
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n small model of the ship, and for improving the design of screw pro- 
pellers by means of tests on small models 

The hydraulic research contemplated by Indian engineers is 
a very small part of the above programme We again quote Sir 
F Spring — 

“The river training works in India have so far been only directed 
towards the guiding of a wandering nver between a fixed pair of abut- 
ments whether of an irrigation system or railway bridge “ 

Problems oj Rural Bengal 

This is a small part of what a full programme in Bengal ought 
to be In Bengal the problems are stupendous The Ganges, 
though it is a much shorter river than the Mississippi, discharges 
more water at Sarah than the Mississippi near the head of its delta 
No reliable estimate of the discharge of the Brahmaputra is avail- 
able, but its discharge is supposed to be much larger than that of 
the Ganges These buge discharges, which are timed at certain 
intervals, take place over an area which is smaller compared to the 
Mississippi basin The Damodar system stands by itself and 
should be treated apart The discharges of all these rivers, their 
periodic variations, the amount of silt brought by them, the distribu- 
tion of water m the country, study of the precipitation data for each 
basin — all these factors must be accurately studied, before any 
great engineering work (River Training, Railway bridges and 
bunds, Excavation of old channels, Flood Control, Canalisation 
for irrigation and navigation) is undertaken The plans must be 
tested in the laboratory with the aid of models a number of times, 
and advantage should be taken of the accumulated experience of 
the western countries Th’s has not been done m the past and 
even m the present days great engmneermg schemes are 
being launched without proper study 

It should not be supposed that the problem is vital to Central 
and Western Bengal alone Their former prosperity can certainly 
be restored if the Government acts with a will on my suggestion. 
Eastern Bengal, which is now prosperous and mostly free from 
malaria, should not continue to live upon a false sense of security 
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Her prosperity is due to the facts that every year she is washed 
by floods, which deposit fertilising silt on her soil and carry away 
the germs of malaria, but history has taught us that the rivers of 
Bengal, either due to slow earth-movement or delta-buildmg 
activities periodically oscillate between wide limits, and if any 
forsakes an old channel and scoops out a_ new one, the old basin 
becomes the centre of malaria and black-fever. Coming from 
East Bengal, l have seen prosperous villages in the Mamkganja 
and Tangail areas converted into wildernesses by sudden outbreaks 
of malaria s The cause is not difficult to gauge. It happens that 
a big river like the Dhaleshwan goes on depositing silt m the 
country-side round populous villages, and raising its level. After 
some time, the level of the villages becomes lower than that of 
the fields, and dead pools are formed withm the village. Then 
suddenly malaria breaks out with unprecedented violence on an 
unsuspecting population 

If the river be not controlled, and the people are not taught 
how to live in such areas and keep their pools clear, Eastern Bengal 
may be subjected to the same devastating epidemics which have 
ruined Western Bengal The need for scientific study of the 
physics of Rivers is an All-Bengal and integral problem, which 
cannot be undertaken piecemeal. 

Forces of Nature ccn be controlled 

There seems to be a school of opinion that the forces 
of Nature with which the engineer has to cope m the training of 
the Rivers of Bengal are of such stupendous magnitude that it is 
futile to make any attempt in interfering with them Such 
opinions constitute very handy excuse for the policy of ‘Laissez 
Faire’ which has so long been followed, but it seems more to be 
due to want of acquaintance with the actual problem than to any 

* Some yea<s ago, the large and populous village of SuapUr m the Manikgahja sub 
division, which has given to Bengal many sons eminent iri public service and othci 1 
fields like the late Mr K N Ray, and Rni Dinesh Ch Sen, was ravaged by a 
sudden outbreak of Malaria carrying off about one third of the population in course' of 
One single yea e 
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well-considered reasoning Many eminent engineers who have 
studied the problems first-hand do not share m this opinion The 
greatest change which took place in the river systems of Bengal is 
the diversion of the Brahmaputra from the east of Dacca to the 
west This was started by a catastrophic flood m headwaters of 
the Teesta river in the year 1736, but it took about half a century 
to be completed This catastrophic change, which is responsible 
for many evils of the present times, could be easily prevented if it 
were attended to in proper times This is the opinion of 
an eminent engineer, Sir John Benton C I E , once Chief Engineer 
io the Government of India, who m a discussion on the Sarah 
Bridge^ remarked as follows — 

“It was stated that the Brahmaputra now passing down the Jamuna 
liver, moved 70 miles westwaid in the 20 years 1805-1825, m all probab- 
ility this great change could have been prevented, and at no great cost, 
provided works had been undertaken at a sufficiently early date 

Witcock’s plans jor the Revival oj Central Bengal 

The other great change which has taken place since 1776 is 
the gradual silting up of the headwaters of the rivers Bhagirathi, 
Jelanghi, and Mathabhanga which used to water Central Bengal 
This has happened under the very nose of the Government It 
has rendered Central Bengal a land of dead rivers, and subject to 
devastating outbreaks of malaria It was the most prosperous part 
of Bengal during the Moghul age, being far richer than Eastern 
Bengal, but now the productivity of the soil has fallen off by about 
45%. According to Sir W Wilcocks, the eminent engineer 
to whom Egypt is largely indebted for the Assouan dam and the 
resuscitation of her agricultural prosperity, the rivers m Central 
Bengal can be revived, and the prosperity of the country can be 
restored by clearing off the headwaters of the Mathabhanga, and 
subsequently when the country becomes rich by erecting an 
Egyptian barrage across the Ganges 1 1 miles down stream of the 
Baral head According to this authority this barrage will head up 
the waters of the Ganges by about 7 feet for hundred miles up 
streatn, and cause it to send a large volume of its excess water down 
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the rivers of Central Board The woik is estimated to cost 1 8 crores 
of rupees Another advantage of such a scheme will be that less 
water will pass through the over-congested Padma, which is now 
causing widespread havoc by its erosion Already half of the 
historic Vikiampur area is washed away The waters of the 
Biahmaputra alone aie more than sufficient foi Eastern Bengal A 
scheme like this ought to be studied for years m the laboratory 
with the aid of successive laboiatory models and other data, before 
it is seriously taken m hand In the interest of the country such 
work should be undertaken, as it promises to rid Central Bengal of 
the pest of malana, and restore the pustme prosperity c f this lich 
Silk Belt Aiea which excited the admiration oj Bernier in 
the seventeenth ceniwy It will also lid Eastern Bengal of the 
periodic catastiophic floods which are due to the blocking of the 
Brahmaputra wateis by a simultaneous rise in the Ganges The 
Flood of 1931 alone caused a damage of not less than eight to ten 
crores of lupees to the poor people of Eastern Bengal, and this alone 
justifies the small expenditure on a Rivei Physics Laboratory, 
which may cost an initial sum of Rs 5 lakhs and a recurring 
expenditure of about a lakh of rupees. 

River Problems of Western Bengal 

The problems of Western Bengal stand by themselves As 
Sir William Wilcocks and Dr Bentley have very convincingly 
showed, the decline of this part m health and piospenty is due to 
the blocking of the Damodai and hei blanches by the bunds and 
canals erected to safeguard the E I Ry Wilcocks finds a surpris- 
ing parallel between the fanshape alignment of the old Damodar 
branches and the alignment of the Cauvery system in the Tanjore 
district of Southern India The coincidence, according to him, is 
not fortuitous, but must have been due to immigrants fiom Bengal 
who carried with them the knowledge of the irrigation of 
the Damodar area to South India befoxe the Christian eia The 
theory is not impiobable in the light of what we know of the his- 
torical events of those periods. At any rate, both Burdwan and 
Tanjore formed the richest districts of India m 1815, and com- 

33 
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paring the two, Hamilton wrote in 1815, “in productive 
agriculture Burdwan stands first and Tanjore second ” What has 
happened within the last hundred years is well-known In 1831, 
when the Cauvery works began to give way to ravages of time, 
Sir A. Cotton, engineer, courageously undertook to restore the old 
amcut across the Cauvery erected by the old Hindu kings, and 
distnbute the waters evenly in the delta It is unneccessary to give 
a detailed account of his work, suffice it to say that by erecting a 
new amcut (the upper amcut) and dealing up the headwaters of 
different branches he was able to head up the waters for a consider- 
able length upstream, and cause the waters to distribute evenly m 
the delta The prosperity of the delta remained unimpaired and it 
is now not only more prosperous than Burdwan, but entirely free 
from malaria. 

The opposite process was undertaken by engineers in 
Burdwan This was due to their dread of the Damodar. The 
devastating flood of the Damodar which occurred at intervals of 
30 or 40 years was a thing of which everj'body was afraid But 
apart from the havoc which such catastrophic floods caused after 
great lengths of time, moderate floods as took place regularly were 
nothing but beneficial They fertilised the soil, washed away 
malarial larvae But when about 1850, the Government wanted 
to open the E I Ry they determined to tame the Damodar m order 
that the railway might be safe They shut up the river within 
watertight embankments, closed the headwaters of the various 
branches, and made bleaches by men in ihe embankments which 
were needed for irrigating then fields a cnminal act The result 
was that though a safe highway for communication with upper 
India was opened and trade of Calcutta increased enor- 
mously, and people from the upcountry began to flood Calcutta 
in search of employment or adventure, it was done at a terrible 
cost to the people of the Burdwan Division Two years after the 
opening of the railway m 1859, a terrible malarial epidemic broke 
out, and m Hugh alone, half the population, viz., one million out 
of two died within 1 0 years The density of population fell from 
750 per sq mile to 500, and according to Bentley, and other com- 
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petent authorities who asciibe the outbreak of these terrible 
epidemic to the faulty system of railway embankments, the country 
has nevei been fiee from malaria up to the present time. The 
fertility of the soil fell by about 50%, as the land was deprived of 
the nverborne silt If there be anything like justice in the woi Id, 
the people of Bwdwan aie entitled to compensation fiom 
the paities concerned , fo i all these temble inflictions on 
them It may be given to them, by imposing a terminal oi 
thoioughfaie tax on the lailway passengeis, and utilising the sum 
so collected to resuscitation of the old prospeuty of the country by 
undertaking new const) uchve wo)k s accoiding to well-laid-out 
and well-studied plans Part of the money may be spent m finan- 
cing the proposed hydraulic research laboratory 

Let nobody think that when I am proposing that the people 
of Burdwan are entitled to compensation for the damage done to 
them, I am at all joking Such a claim is supported by many 
engineers , Sir John Benton (m course of the discussion on 
the Sarah Bridge) says about a pioposal to build railway bunds in 
N Bengal for the safety of the Sarah Bridge 

"Any blocking of flood waters by these proposed new railway lines 
would increase the damage to crops, and m the light of experience of 
similar works elsewhere, this would lead to demand on the part 
of cultivators for compensation, or for increased waterway to pass the 
flood waters The best efforts of the Railway Department would be 
devoted to show that the flood spills were not held up, and if these effoits 
failed, the railway authorities would have to piovide increased watei- 
way ” 

Against Benton’s advice, the Railway authorities m N 
Bengal built Railways with insufficient waterways These are 
responsible for devastating floods and outbreak of malaria 
in North Bengal as well as foi a fall m the fertility of the soil 
Would the Government be prepared to give compensation to the 
inhabitants affected or be courageous enough to force the Railway 
authorities to provide for increased waterways? 

Sufficient studies have not been made to show that on the 
Damodar ‘the five satanic chains”- of Sir William Wilcocks 
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are absolutely necessary for the protection of the railways. 
Wilcocks has given his own scheme, which consists m providing 
increased spillway, and clearing tlic heads of the numerous 
branches He estimates that this will double the productivity of 
800,000 acres of land on the left bank of the Damodar I am not 
m a position to examine this suggestion critically, but this 
suggestion should certainly be examined in all its bearings m the 
proposed laboratoiy Catastrophic floods, the fear of which has 
led to extraordinary precautions against the Damodar, may 
be prevented by building storage basins in the Chotanagpur area 
at the points where the Damodar debouches from the hills. 

Final Suggestion 

My final suggestions are 

(a) Establishment of a Hydraulic Research Laboratory for 
study of the problems of River Training, Flood Irrigation, 
Navigation, and Waterpower development m Bengal. 

This should be a purely Research Institute after the model 
of the Wasserbau Laboratory of Berhn-Charlottenburg or Vienna 
The object should be the study of the physics of Great Rivers, 
preparation of plans m combination with department (b) and 
testing of the plan by means of laboratory models 

As the problems require expert knowledge of physics and 
mathematics, and demand much originality for their solutions, the 
laboratory should have a research atmosphere It should be 
placed under a distinguished physicist who is also well up 
m mathematics He should be provided with a good staff consist- 
ing of experts m allied lines, and a good laboratory 

Such a laboratory should be attached to the Universities, as 
Engineering Colleges in oui country have not yet developed any 
research atmosphere The initial expenses of a laboratory should 
not exceed Rs 1 0 lakhs and the recurring expenditure 2 lakhs 

(b) Department for Field Service 

This will undertake a hydrographic survey of the rivers of 
Bengal, including relevant topics in Topogiaphy, Collection 


/ 
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of Precipitation Data (such work is being done on a small scale 
by Prof P. C Mahalanobis m the Piesidency College), and other 
geophysical factors likely to be of use m the preparation of great 
constructive projects 

The department may be easily financed if my proposal of 
imposing a small thoroughfare tax on the passengers and trading 
parties utilising the E I Railway and E B Railway lines are 
accepted. 
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“Samndra” in the Rg=Veda 

Jh J Przyhtskl (Pnns) 


The word “Samudra” has been interpreted in different ways. 
According to Max-Muller, it was generally used with the meaning 
of ‘ocean” but also with the meaning of “antanksa.” Zimmer 
thinks that “samudra” denoted the river Indus after it had received 
all its Punjab tributaries. Hopkins follows Zimmer B Keith sees 
no clear sign that the Rg-Vedic Aryans had at that time reached 
the ocean ( Cambudge Hist oj India , 1 , 79) But the authors of 
the Vedic Index believe that a knoweldge of the ocean was “almost 
inevitable to people who knew the Indus” ( Vedic Index, II, p. 
432) In a recent contribution to the Indian Historical Quarterly, 
VII, 2, p 353 sqq , M Amiya Kumar Chakravarty has reviewed 
these conflicting opinions and added some new facts I think that 
the solution of the problem is not to be found in any single verse 
of the Rg-Veda, but should rather be sought m a study of the 
ancient Aryan cosmology 

By people ignorant of exact geography, the sea may be con- 
ceived in two ways ( 1 ) The inhabitants of islands or of sea-coasts 
believe that the sea is a boundless body of water from which the 
earth emerges like a fish or on which it rests like a boat This is 
the maritime conception (n) The inhabitants of inland regions 
believe that the sea is a limited depositary of the waters of all 
the rivers which may be depicted as a great lake or as a huge river 
which flows down to an abyss or to the under-world This is the 
continental conception 

A puori it is probable that the Rg-Vedic Aryans conceived a 
Samudra of the second type, while non- Aryan people living on 
the coast of India held maritime conceptions 

In fact, the most ancient Aryan cosmology is essentially con- 
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tinental. Outside the abode of men, there are two other abodes , 
that of the gods and that of the Fathers. The door of the first is 
m the north-east, that of the second m the south-east There is a 
connection between these two abodes, the periods of the year and 
the course of the sun • Uttarayana and Devayana are contrasted 
with Daksmayana and Pitryana. Yama, the death-god and lord 
of the earth belongs to the south, the other gods to the north. 
Yama sits below , the other gods above When a pit is dug, it 
is called the place of the Fathers The path of the gods rises to 
heaven , the path of the Fathers is described as PraVat, which may 
denote “a downward path as of stream” (cf Oldenberg, Religion 
du Veda, trans V Henry, p 465 , B Keith, Religion and Philo- 
sophy of the Veda, p. 411, contra Pischel Ved. Stud , II, p 63 
sqq) There is no place m this cosmology for a boundless ocean 
surrounding the earth The rivers referred to by the word Nadi 
and its synonyms, flow down from the mountains to the region 
below They go to the world of Yama, lord of the earth 
According to this conception, Samudia may be only a huge 
depositary of water into which the various Nadi empty themselves 
This Samudia was partly mythical, partly real As a real notion, 
it may have denoted successively the great river Indus after it had 
received its. Punjab tributaries, then the Arabian Sea when the 
Vedic Aryans had acquired a more exact knowledge of the country. 

Quite different was the non-Aryan conception The earth is 
Surrounded by the sea. A continent is a great island. Bam , 
Bharu, Maru denote the boundless ocean and Vaiuna is the non- 
Aryan god of the sea (cf. JRAS , 1931, p 613 sqq) These ideas 
have survived m the myth of the four or seven Dvlpa and m the 
Buddhistic lore. “This great earth, Ananda, is established on 
water, the water on wind, and the wind rests on space And at 
such a time, Ananda, as the mighty winds blow, the waters are 
shaken by the mighty winds as they blow, and by the moving water 
the earth is shaken. These are the first causes, proximate and 
remote, of the appearance of a mighty earthquake. Again » 
Ananda, a Samana or a BrShman of great (intellectual) power, and 
who has the feelings of his heart well under his control, or a gqd 
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or fairy ( DeVata ) of great might and power, when such one 
by intense meditation of the finite idea of earth or the infinite idea 
of watei (has succeeded in lealismg the compaiativc value of things) 
he can make the eailh move and tremble and be shaken violently 
These are the second causes, proximate and remote, of the appear- 
ance of a mighty earthquake” {Mahapanmbbanasulta, III, 14, 15, 
trans Rhys Davids cf J Przyluski, Le ParimOana cl les 
Funei allies chi Buddha, p 64) 

When the Aryans came into contact with the people of the 
sea, the religion of the former was deeply influenced by the non- 
Aryan mythology As theie was no place m the ancient cosmology 
for a boundelss ocean, Varuna was introduced into the Aryan 
pantheon, but his realm remained outside Vcdic geography The 
sky became the Varuna’s dwelling and the boundless ocean was 
identified with the atmosphere The intermixing of two different 
mythologies may thus account for the various senses of Samudra 
m the Rg-Veda According to Yaska, Samudra is a large 
depositary of water and may also denote the atmosphere, etc In 
fact, in the Rg-Veda Samudia is sometimes a synonym of Anta- 
iil^sa This is probably the result of the adaptation of a notion, 
foreign to the ancient Aryan cosmology 



Experimental Reseal ches on Co-ordination 

By Gilbert T Morgan (Teddington) 


Included m the purview of chemical philosophy is a considera- 
tion of the manifold manifestations of chemical affinity, that 
pervasive tendency which induces the combination of chemical 
elements to form an infinite variety of chemical compounds 

It is evident from a general survey of inorganic and organic 
substances that the numerous and varied generic types could 
scarcely have arisen as the effect of a simple causation or tendency 
for, even if there be a unity of natural forces of which chemical 
affinity is but one manifestation, the facts of chemical science compel 
us to assume considerable variation m the circumstances under 
which such an affinity operates 

In the present paper the writer has given a summary of his 
experimental researches on residual affinity and co-ordination 
which have been carried out in collaboration with many chemical 
friends during the last twenty five years 

I Oxomum Salts oj Coumarin 

Coumarin, the odoriferous principle of woodruff, Tonqum bean 
and many other plants, although but sparingly soluble m cold 
water dissolves readily m concentrated hydrochloric or hydrobromic 
acid and from the latter solvent Ebert formerly isolated an unstable 
addition compound ( Annalen , 1884,226 347) In 1906 the 
writer added a strong solution of chloroplatmic acid to coumarin 
dissolved m concentrated hydrochloric acid, when there slowly 
separated a well defined yellow crystalline substance which was 
examined further m collaboration with Miss F M G Micklethwait 
The product had the composition of a hydrated coumarin 
platimchloride 4C g H G 0 2 ,H 2 PtCl c ,4H„0 Other compounds of 
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similar type were then discovered such as the aunchlonde 
4CjH,0 .HAuCl^HLO, the cobalticyamde 3C 9 H () 0 2 , 
H 3 Co(CN), ,3H_,0 and the hydriodide periodide 4C J H r O J HI,I, 
These results bring coumarm into line with other oxygenated 
substances such as pyione which yields 4C,H I 0 J ,H J PtCl, (Werner 
Annalen, 1902, 322 , 312), dimethylpyrone which furnishes 
2C-H s O J ,H PlCl, (Collie and Tickle, Turns Chem Soc , 1899, 
75 , 712) and the tnalkylphosphme oxides which give rise 
to platimchlorides 4X 3 PC HPtCl, , wheie X = CH,, C.H, orCLHL 
and 6 (C,H 7 ),PO,HPtCl ( (Letts and Collie, Tians Chem Soc 
Edin , 1880, 30 , [i] , 181 , and Pickard and Kenyon, Tians 

Chem Soc , 1906,89, 268) 

At the time of these discoveries the foregoing substances were 
grouped either as “molecular compounds” or as oxomum salts 
arising fiom the tendency possessed by oxidic oxygen of assuming 
a valency higher than that of a diad element But it was evident 
from the composition of the products that this effect could not be 
indicated precisely m terms of any theory of mtegial valency 
(Morgan and Micklethwait, Tians Chem Soc , 1906,89, 863) A 
clearer conception of the tendency underlying the formation of these 
oxomum compounds involves a recognition of the co-ordination 
link (Sidgwick, Trans Chem Soc , 1923, 123 , 723) by virtue of 
which oxygen already bound by two non-polar covalent links can 
still supply two pans of lone electrons to co-ordinate with such 
electron acceptors as the hydnon or the metallic ions 

II Two] old Associating Units 

The early years of the present century witnessed the establish- 
ment by Alfred Werner of the co-oidmation theory of valency and 
chemical constitution which he first propounded m 1891 devoting 
subsequently twenty yeais of his life to the accumulation of 
experimental evidence for his view on the nature of valency 
These ideas were at first largely disregarded by his contemporaries 
until Weiner’s successful verification of his prediction of a new 
type of optically active salts containing co-ordinated cobalt com- 
pelled acceptance of his hypotheses This discovery which 
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constituted an important development m stereochemistry was 
speedily generalised by Werner's subsequent discoveries of optically 
active compounds of cctahedial symmetiy containing chromium, 
iron, iridium, platinum, rhodium and ruthenium These striking 
confirmations of Werner’s conception gave to the co-oidination 
principle the essential attributes of a scientific theory of funda- 
mental importance 

Considerable ingenuity was displayed in the selection of co- 
ordination compounds suitable foi resolution into optical 
enantiomendes and important use was made of twofold associating 
units which are compounds 01 compound ladicals capable 
of occupying two positions m a co-ordination complex Thus each 
ammonia occupies one posit on in the luteocobalt chlonde 
[C06NH.,] Cl.,, whereas each eihylenediamme (en) molecule in 
similar circumstances, [Co3en]Cl,, occupies two positions 
Similarly each cyanogen lad cal takes one position in the cobalti- 
cyanide K,[Co(CN),], whereas each oxalato-group fills two 
positions in the double oxalate K 1 [Co(C O,) t ] This complex 
oxalate and the trisethylenediammocobaltic chlonde are racemoid 
compounds which were resolved by Werner into optically active 
components, theieby confnming the octahedral symmetry of the 
two corresponding sets of cobalt co-ordination compounds 
Chelate Gioups For compounds and compound radicals which 
can function m co-ordination complexes as twofold associating units 
the writer has suggested the short convenient name of chelate 
groups from x \ '>/ (Gicek), chela (Latin) and chely (English) 
— the crab’s pmcer (7 ran* Chem Soc , 1920,117, 1457) 

Meialhc Acetylacetoncs 

A notable example of a chelate group is furnished by the 
univalent radical of acetylacetone CH J (COCH,) J which enters into 
combination with the majority of metallic and metalloidal elements 
and even with certain non-metals The acetylacetones of 
univalent metals are generally decomposed on heating but those of 
bi-and tri-valent metals have remaikable stability and in 
certain instances may be distilled without decomposition. 
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Scandium acetylacetone begins to sublime at 157° and distils at its 
melting point ( 1 87 c ) under 8-10 mm pressure (Morgan and H \V 
Moss, Tians Chem Soc, 1914,105, 197) Gallium acetylacetone 
prepared m collaboration with Dr H D K Drew (loc at , 1921, 
119 , 1060) sublimes at 140 c under 10 mm pressure The late 
Dr T V Barker, who undertook the crystallographic examination 
of this preparation, showed that the five acetylacetones of 
aluminium, gallium, indium, iron and scandium are members of 
an isotrimorphous series (Compare \V T Astbury, Proc Roy 
Soc, 1926, All 2, 448) 

Vanadium yields a brown trisacetylacelone VAc, (co-oidma- 
tion number 6) distillable m small quantities but oxidising readily 
m moist air to green vanadyl bisacetylacetone VOAc, with an odd 
co-ordination number 5 (Morgan and Moss, Tians Chem Soc , 
1913,103, 86) 

Reference should be made to the interesting polar compounds 
produced by the interaction of boron tnchloiide and acetylacetone 

(Dilthey, Annalen, 1905,34 4, 300, Ber , 1903,36, 923, 1595. 
3207, and Rosenheim, Loewenstamm and Singer, ibid , 1834) 
A bisacetylacetone boronium chloride is produced which gives rise 
to comparatively stable double salts such as [BAc„]AuCl t or 
FeCl t and [BAcJ^PtCk Analogous sihcomum salts were 
described by the foregoing investigators as follows — 
[SiAcgJAuCk or FeCl,, or [SiAc^PtCI, 

Different phenomena are observed with the non-metalhc 
chlorides replaced by fluorides Silicon tetrafluonde is entnely 
inert towards /3-diketones, whereas boron tnfluonde reacts 
energetically with these organic reagents, heat being generated 
One fluorine radical is leplaced by a F -ketomc chelate group 
having the structure denoted by the following formulae — 
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(Morgan and Tunstall, Tians Chem Soc, 1924, 125 , 1964, 
compare Sugden, Jouin, Chem, Soc , 1932 1494) 
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The elements of periodic group four, from silicon onwards, 
have all been combined with the acetylacetone radical Ac , the 
products vary somewhat m type as is indicated m the following 
diagrams — 


[SiAc 3 ]AuC1 4 

[TiAcQPeCh 


[GeAC 3 ]CuX 2 

[GeAE a X*l [SnAc 2 X 2 ] PbAc 2 

[ZrAc 3 ]Cl CeAcj 

ZrA5 4 CeAc 4 ThAf? 4 


(Morgan and Drew, Turns Chem So c , 1924, 125, 1263, and 
Morgan and Bowen, loc at , 1254) 

The cerium, thorium and zirconium compounds of general 
formula RAc, are of interest as suggest'ng an eight point system 
but at present there is no experimental evidence that this 
corresponds with a cubical arrangement of the chelate groups about 
the cential metallic atom 


Zirconium tetra-acetylacetone is to be legarded as a limiting 
case, for this metal also gives rise to polar compounds with the 
dike tones as exemplified below in the cases of dibenzoyl- 
methane, benzoylacetone and acetylacetone 


\ 


1 K^oS!>°H) 3 ] s [Ptcy 

[ Zr ( < 0:CPh^* CH ) 1 ] fFeCl,) or (AuCl,] 


Zr 


'O.C(CH3)-^ 0ii j 3 J 


Cl 



III Lcif^es of Mordant Dyes as Internal Metallic Complexes 

The close analogy between the metallic derivatives of 
P -diketones and the lakes of mordant dyes was a a matter which 
greatly interested Werner who expounded the view that mordant 
lakes are internal metallic complexes Since his death this view 
has been tested experimentally by Dr J D Mam Smith and the 
writer on representative mordant dyes and it has been shown that 
any acidic substance capable of forming a colour lake must contain 
a chelate group capable of combining co-ordmatively with 
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the metallic mordant In every case examined the resulting lake 
has proved to be an internal metallic complex 

A few typical examples will serve to indicate the way m which 
this point has been demonstrated experimentally 

The cobaltammme reagent geneially employed was hydroxo- 
pentammmecobaltic chloride [HO Co5NHJ Cl ,,H„0 (Werner, 
Ber , 1907, 40, 4098) but the roseo- and luteo-cobaltammme 
salts [H 2 OCo5NH,]Cl, and [C06NH.J Cl, were also used 
occasionally Nitroso- ft -naphthol (1 2-naphthaqumone-l- 
oxime) known to dyers as “Gambine Y” is generally applied to 
textiles m conjunction with iron or chromium mordants It also 
gives rise to an insoluble red cobaltic derivative employed analyti- 
cally m the separation of cobalt from nickel and other metals 
When the green sodium derivative of this dye interacts with 
luteocobalt c chloride at the ordinary temperature a sparingly 
soluble green hexammmocobaltic 1 2-naphthaquinone-l-oximate 
is precipitated, which on waimmg to 40° loses all its ammonia and 
passes quantitatively into the red cobalt’c lake 



Whenever the mordant dye contains another acid group 
besides the one forming part of the chelate radical as in the case 
of “Naphthol Green G“, its complex lake with the cobaltammme 
reagent contains two cobalt atoms, one of which retains the property 
of co-ordinating with the ammonia as m the purpureo ammmes 
[XC05NH,] X, 
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In the graph’ c formulae foi the complex lakes it should be 
understood that one acidic (oxy, CO or SO.,) gioup out of three 
is implicated m the pentammmoccbaltic co ordination sphere, 
giving a co-ordination number of six This lelationship is 
lepresented conventionally by cairjmg one linking out of three 
into the co-ordination sphere 

If the complexity of the cobalt lake is inci eased by the 
inclusion of more acidic groups as in mtroso-H-acid (VIII), then 
the three acidic gioups (one hydroxyl and two sulphomc raidcals) 
retain the property of forming cobaltammmc salts, wheieas the 
chelate gioup completely satisfies the residual affinity of the 
implicated cobalt atom 



In this increasingly complex series of cobaltic lakes there is 
a constant ratio between the number n of cobalt atoms and the 
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number m of ammonia molecules indicated by the equation m = 
5(n— 1) This simple relationship indicates that there is one cobalt 
atom which is not capable of co-ordinating with ammonia as m 
KJCofCO,),] and many similar compounds Hence each lake- 
producing group O C-C NOH of the foregoing dyes is equivalent 
to the oxalate radical and is accordingly to be regarded as a chelate 
group (7 rans Chcm Soc , 1921, 119, 707) 

Similar lelationships are revealed among the members of the 
alizarin series of dyes ( Trans Chcm Soc, 1922, 121, 161) 
When tested by the cobaltammme reagent Alizarin Red shows the 
properties of a monochelate dj e with one subsidiary acid group (1) 
Alizarin Red S, its sulphonic acid, contains two subsidiary acid 
groups and the complex cobaltammme lakes correspond with the 
following formulae I and II — 




Formula 111 shows the corresponding lake from nitroahzarm 
(Alizarin Orange) and formula IV indicates the ordinary Turkey 
Red dye on wool in which tervalcnt cobalt is replaced by aluminium 
and the subsidiary hydroxjd radical satisfied by calcium 




Alizarin Blue affords an example of a dichelate mordant dye 
the second chelate radical including the hydioxyl of position 2 and 
the quinoline nitrogen of position 3 If the first chelate group A is 
thrice co-ordmated at the vertices of one octahedral cobalt atom 
as shown in the following diagram, then of the three wide-spread 
second chelate groups B only one could co-ordinate with the second 
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cobalt atom occupying two positions out of six, leaving four 
available for co-ordination with ammonia 



Alizarin Blue (Alizarin-3 -quinoline) is an example of a dichelate 
dye and its cobaltic lake has the composition expressed by formula 
V, but when the quinoline ring is inverted so that the nitrogen is 
m the more remote position 4 as m Alizarin Green M L & B 
a second chelate group is no longer present and the cobaltic lake 
has a composition corresponding with formula VL 



With such dichelate dyes the relation between ammonia 
molecules m, cobalt atoms n and chelate gioups C is summarised 

by the equation m — 5 £ n — j ^ When C is unity m the simpler 

case of monochelate dyes the equation reveits to the original form 
m ~ 5(n — 1) 

Although substantive for wool, the azosaheyhe acid dyes are 
generally applied in conjunction with chrome mordant giving 
various shades of khaki yellow, 
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Alizarin Yellow GG and Alizarin Yellow R behave similarly 
to Gambme Y when treated with roseocobaltic chloride They 
react in two stages the first formed diroseo salt (VII) losing half 
its ammonia and passing into the chelated lake (VIII) 



VII VIII 


Two cases may be distinguished in the formation of colour 
lakes from hydroxyazo dyes (a) those m which the lake is 
an insoluble salt of the original azo compound and (b) those where 
the lake is only fully developed as the result of oxidation of the 
original dyestuff Eriochrome Red B is a typical example of the 
former case , it gives a cobaltic or chromic lake (IX) corresponding 
with the original dye 



IX 


Diamond Black PV SO.H C,H,(OH) N_ C 10 H.(OH)_, from 
diazotised o-ammophenol-4-sulphonic acid and 1 5-dihydroxy- 
naphthalene presents the more complicated case of a dyestuff which 
does not give the full black shade with chiomic fluoride (X) but 
only with chromic acid Oxidation of this azo dye occurs also 
with roseocobaltic chloride giving a simple cobaltic lake (XI) of 
oxidised Diamond Black corresponding with the black lake obtained 
m practice on the fibre with the dye and chromic acid Further 
treatment with the roseocobaltammme leads to complex mono- and 
di-roseo salts (XII and XIII). 
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x XI 



The foregoing examples serve to show that a study of co- 
ordination complexes often throws light on the nature of the colour 
lakes of natural and synthetic colcuung matters Reference 
should be made to an ingenious application of co-ordination 
principles to the revision of the constitution of naphthazarm 
(Alizarin Black), a colour principle which had long been regarded 
as a naphthalenoid analogue of alizarin For this purpose 
Dimroth and Ruck {Annalen, 1 925 , 446, 123) used pyroboric 
acetate (CH 3 CO Q) ,B0B(0 COCH 3 )o, a reagent which with 
abzarm in acetic anhydride yielded a monoboric ester, but with 
naphthazarm and quimzarm gave rise to a dibouc ester (XV) thus 
indicating that napthazann is really 5 8-dihydroxy- 1 4-naphtha- 
qumone (XIV) 
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3(OAC ) 2 

0 OH O' 0 



Pfeiffer confirmed this result by the use of stannic chloride 
in benzene when alizarin behaved as a monochelate compound, 
whereas naphthazarm and quinizarm showed the reaction of 
dichelate derivatives (Her, 1927, 60, 1111) 

IV Subsidiary Foci of Co-ordination 

Salicylic acid itself resembles its azo-derivatives furnishing 
an insoluble lake (XVI) with the cobaltammine reagent 
[HO Co5NH 3 ]CL, but by a-,suitable modification of experimental 
conditions this green lake bcomes almost entirely replaced by well 
defined crystalline sahcylatotetramminocobaltic chloride oi bromide 
(XVII), a salt containing a new type of cobaltammine complex in 
which the bivalent salicylate radical is implicated as a chelate group 
(Morgan and Main Smith, Trans Chem Soc , 1922,121 , 1956, 
1923 123, 1096) 



XVII 

This new cobaltammine complex has given rise to two long 
series of well crystallised salts which exhibit several points of 
interest . — 
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(i) The salicylatotetiammmocobalhc complex simulates 
the behaviour of the sodium ion in regaid to the 
solubility of its salts m water. Acidic radicals which 
serve as piecipitants for the sodium ion give rise to 
sparingly soluble sahcylatotetiammmocobaltic salts, 
such as pyroantimonate, bicarbonate, dihydroxytaitiate, 
mesoxalate, ct-napthylamme-8-sulphonate and the 
acid and normal oxalates. 

(u) In its normal salts this cobaltammme radical exists m a 
hydrated form, but it shows a marked tendency to form 
acid or hydrogen salts in which it exists m an anhydrous 
condition These alternative conditions are illustrated 
by the cases of the nitiates and the sill co fluorides . 


(NH 3 ) 6 Co<o_V^J 


HoO 


[N0 3 (I1 2 0) 2 ] 
[<NH 3 ) ( Co< 0 _ (;=0 


0 H- 


(N0 2 ) 2 






(NH 3 ) 4 COv^^ y 


0 


HnO 


[SiF 6 ,2H s O] 


0 / \ 

m z ) x oo( h- 

\0-C-0 


SiF r 


These characteristics of the sahcylatotetrammmocobalt complex 
are explained by assuming that it contains two foci of co- 
ordination, a positive focus due to the tervalent cobalt atom and 
a' negative focus attributable to an oxygen atom and probably to 
that oxygen which is present m the carbonyl radical 


+ yO C 6 H 4 

(NH 3 ) 4 Co< ! - H OH 

\o-c=o 


+ yO-CgH, 

(NH 3 ) 4 Co<; | _ H 

X 0-C=0 



The constitution ascribed to the sahcylatotetrammmocobalt 
complex is confirmed by replacing the four ammonia molecules 
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by two ethylenediamines when a racemoid complex results, which 
has been resolved successfully by the aid of d- and /-camphor- 
sulphonic acids into optically active enantiomerides (Morgan and 
Main Smith, Tians Chem. Soc , 1924, 125, 1998) 




V Polynuclear Co-ordination 

In the foregoing examples the co-ordination compounds 
exhibit a centralised structure with one nuclear metallic element 
surrounded by radiating associated units The case of basic 
beryllium acetate and its homologues investigated in collaboration 
with Sir William Bragg and Mr W T Astbury illustrates another 
type of co-ordination complex which contains four metallic atoms 
(Pro C Roy Soc , 1923, A. 104, 437 and 1926, A, 112, 448) 

Analysis by X-rays of the basic beryllium acetate 
OBe^CCb CH 3 ) g confirmed the stereochemical conception of the 
chemical constitution of this non-iomsed compound, which has the 
unitary structure of a typical oiganic compound The unique 
oxygen atom is situated at the centre of a tetrahedron, the four 
beryllium atoms are arranged on lines joining the centre with the 
four vertices of this regular solid, whereas the six acetate groups 
(Ac) are distributed symmetrically about the six sides of the tetra- 
hedron. 
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The crystals of basic beryllium acetate display cubic symmetry 
and it must accordingly be assumed that this crystal structure is 
not modified appreciably by the sixteen hydrogen atoms which 
cannot all be symmetrically distributed with respect to either the 
vertices or the edges of the tetrahedron But when one hydrogen 
of the methyl groups is replaced by a methyl radical as in basic 
beryllium propionate, OBe^CO, CHL CH. ( ), s , the symmetry of the 
crystal is diminished and this basic salt belongs to the monoclimc 
isobutyrate, OBe, [CO„ CH(CH 3 ) 2 ] c , but is restored m basic beryll- 
ium pivalate, m which the three hydrogen atoms of the methyl 
group have been replaced by three methyl groups giving OBe x - 

[C0 3 C(CH,)J 0 


VI Manifold Associating Units 

Reference has already been made to twofold associating units 
or chelate groups and their effect m producing stable complexes 
generally characterised by co-ordination numbers of 4, 6 or 8 
Among the most noteworthy of these chelate groupings is the one 
supplied by act/ -dipyndyl (dipy), for it was by means of this 
diamine that Wernei (Ber , 1912, 45, 433) resolved into optically 
active forms the tris-aa'-dipyridy Ferrous bromide [Fe3dipy]- 
Br 0 ,6H,0 previously prepared by Blau ( Monatsh , 1898,19 , 647) 
The latter observer had also described analogous nickel salts In 
collaboration with Mr Burstall the hexahydrated tris-acd- 
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dipyridyln lckelous chloride [Ni3dipy] CL,bH ,0 has recently been 
resolved into optically active enantiomorphous forms using for this 
purpose ammonium cl- and /-tartrates ( Jowri . Chem Soc , 1931, 

2214) 



ctct'-Dipyridyl has served a further useful purpose , it has 
seived to stabilise the bivalent condition of silver The earliest 
observations on bivalent silver salts were made by Barbien, who 
first obtained tetrapyndinoargentic persulphate and subsequently 
the corresponding nitrate — [Ag4py]S_O l> or (NO.,b ( Gazzetta , 
1912 42, n, 7 and Ber , 1927, 60, 4224) More recently Hieber 
and Muehlbauer (Bei , 1928, 61 , 2149) have prepared a series of 
complex argentic salts [ Ag2phenan]S_O s or X using ci-phenan- 
throlme as co-ordinating diamine 

In the Teddmgton Laboratory (Morgan and Burstall, J Chem 
Soc% 1930, 2594) two types of argent-c salts (IV and V) have been 
isolated with two and three molecular pioportions of act' -dipyridyl 
(co-ordmation numbers 4 and 6) as indicated in the following 
diagram where I and II are the starting materials aV -dipyridyl and 
its compound with argentous mtiate 


\ y [Ag2dipy] I N° 3 

(I ) A 1 > 

[Ag3dipy] II (N0 3 ) 2 ,(C10 3 ) a or (C10J 2 
(IV ) 


[Ag2dipy] u SoO g 
(III ) 

[Ag2dipy] n (HSO ( ,)o 
(V ) 


Professor Sugden, who has examined these complex salts of 
bivalent silver m comparison With ordinal y argentous salts, has 
shown that the bivalent silver derivatives are paramagnetic 
whereas the argentous compounds are diamagnetic (/ Chem 
Soc , 1932, 161) This observation bungs these two series into 
line with cupric and cuprous compounds for m this case the bivalent 



Experimental Researches on Co-ordination 


281 


copper derivatives are paramagnetic and those of univalent copper 
are diamagnetic 

The Cupric Condition stabilised by Ethylenediamine 

Cupric salts of the less electronegative ions are unstable and 
pass spontaneously into cuprous compounds, as for example the 
iodide, cyanide, nitrite, sulphite, thiosulphate, thiocyanate and 
selenocyanate But m such instances the cupric condition can be 
stabilised by co-ordination with ethylenediamine and this aspect 
of the subject has been examined by Mr Burstall and the writer 

The iodide has been fully stabilised and the cyanide partially 
stabilised as follows — 

[du,2en,2H 2 q] I 2 ^==2 [Cu, 2en, R„ OhJ I 2 
Bo OH = H 2 0 ? CH 3 OH or C 2 H s 0H 


[0u,2er3 ^ 0ai(Clil)3] 2 1 : 4 

fbtf, 2en,H 2 o] j^Cuf 08 ) 2 ] 2 1 : 2 

^en,da7oHs0 o o 0a,en] [dufClOs] 2 1 : 1 

Ten other unstable cupric salts have been combined with 
ethylenediamine and it is significant that m all these cases 
the complex contains two molecular proportions of ethylene- 
diamine, and moreover nine of these salts are anhydrous The 
consensus of evidence is m favour of the acquired co-ordination 
number 4 as representing the most favoured configuration — 


[Cu,2en]X', 
[Cu,2en](NOJ 3 
[Cu,2en] (H,PG 3 )_, 
[Cu,2en] (CNSe)-, 


[Cu,2en]X" 
[Cu,2en]C0 3 , 2H_,0 
[Cu,2en] S0 3 
[Cu,2en]S 2 0 3 
[Cu,2en]S 2 O c 
[Cu,2en] S s O (> 
[Cu^enjS^,. 
[Cu,2en]S 3 O s 


36 
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The discovery by Mills and Gotts (/ Chem Soc , 1926, 3121) 
of optical activity among copper compounds having a co-ordination 
number 4 affords direct proof of tetrahedral arrangement In the 
case of the cupric ion this co-ordination number 4 offers the optimum 
condition as regards symmetrical arrangement of associating units 
coupled with a very close approximation to the saturated electronic 
structure of krypton 

Tridentate Groups A threefold associating unit has been 
found m a/3x -triammopropane (tpn) by Pope and Mann which 
co-ordinates with cobalt and rhodium as a tridentate radical to 
furnish the complex salts [Co2tpn]Cl_ and [Rh2tpn]I„ ( Proc 
Roy Soc , 1923, 107 , 20) 

More recently Mr Burstall and the writer have obtained a 
tripyridyl (bis-2 2 1 -dipyridyl-2 6-pyridme) (tripy), which forms 
complex ferrous and nickel ous salts, [ Fe2 tripy ]Br 2 , 1^H_,0 and 
[Ni2 tripy] Br 2 ,3H,0, the latter existing in two forms (/ Chem 
Soc , 1932, 22) With platinous chloride this triamme co-ordinates 
to form soluble deep red cyrstallme salts, [NH a Pttnpy] Cl_ 
and [PyPttripy] Cly m which the fourth position in the co- 
ordination complex is filled by ammonia and by pyridine 
respectively 

Quadudentate Gioups A fourfold associating unit or 
quadndentate group is furnished by the bivalent radical (ec) of 
ethylenebisacetylacetone , 



which forms remarkably stable complex with copper, nickel and 
palladium (bivalent metal = X) 
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X = Co, Hi or Cu 

In absence of air the copper and nickel compounds may be boiled 
without decomposition Cobaltic complex salts [Co ec2NH,]Br 
may exist in stereoisomeric forms (Morgan and Mam Smith, 
Trans Chem Soc , 1925,127, 2033 and 1926, 912) 

The fi -aminotnethylamine N(CH, CH_, NH J, = tren also 
behaves as a fourfold associating unit and gives rise to platinum 
salts [Pt tren]I 2 and [PtCh tren]Cb(Mann and Pope, Pioc Roy 
Soc , 1925, 109 , 455) and to the cobaltic derivatives [(SCN)„ Co- 
trenJSCN, HLO (Mann, J Chem Soc , 1929, 409) 

VII Co-ordination Numbers — Natuial and Acquired 

Two factors are discernible in processes of co-ordination 
round a central metallic ion 

The first factor is the tendency for the metallic ion to take up 
electrons so as to acquire by co-ordination the stable electronic 
structure of the next higher gas In Dr Sidgwick’s words “the 
effect of chemical combination is to approach this symmetry either 
by sharing electrons so that they count for both atoms (non-polar 
linking, co valency) or through electrons passing on from one atom 
to another (polar linking, electrovalency) ” [ Ttans Chem Soc , 
1923, 123 , 726 ] 

In brief, this factor represents an attempt at self-expression and 
if this factor piedommated, each element would have its own 
natural co-ordination number depending on several circumstances 



284 


Gilbert T Morgan 


peculiar to each element, such as its position m the periodic 
arrangement, its valency and its atomic volume 

The second factor, which depends on circumstances external 
to the atom, arises from the conditions m which the co-ordination 
complex is brought into being A positively charged metallic ion 
attracts negatively charged associating units which at the same 
time repel each other with the result that they tend to arrange 
themselves symmetrically round the sphere of influence of the 
central atom thus giving rise to fourfold, sixfold or possibly eight- 
fold arrangements correspond' ng respectively to the tetrahedron, 
octahedron or cube 

This tendency towards a symmetry external to the atom fre- 
quently acts in opposition to the factoi of self-expression, so that 
in the majority of cases the metal acquires one or other of the co- 
ordination numbers due to the external forces 

The existence of the very large number of cobaltammmes and 
allied substances arises from the circumstance that m the case of 
the tervalent cobalt ion the internal and external tendencies act in 
conjunction 

A similar agreement of internal and external tendencies exists 
m the case of the quadrivalent platinum ion and accounts 
for the many well-defined platinammmes and complex salts 
(platmichlorides etc ) 

Owing to the existence of optically active enantiomendes there 
can be little doubt that the sixfold co-ordinated compounds of 
quadrivalent platinum have an octahedral symmtery There 
is, however, still room for controversy in regard to the spatial 
configuration of the complex compounds of bivalent platinum 
Here the co-ordmation number is generally four and the question 
arises whether the associating units are arranged tetrahedrally or 
m coplan ar fashion at the corners of a rectangle Recent investi- 
gations by Drew, Pinkard, Wardlaw and Cox (/ Chem Soc , 
1932, 988, 1004) suggest that one of these arrangements does not 
exclude the other, for these authors recognise three isomeric 
diammmoplatinous dichlorides or one more than the number 
demanded by the theory of ci$ and han$ isomerism. An X-ray 
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examination, of tetrammmoplatmous dichloride monohydrate 
supports the view that the four ammonia molecules are coplanar 
(Cox, J Chem Soc , 1932, 1912) In these compounds 

of bivalent platinum, ammonia and pyridine may be replaced by 
dialkyl sulphides, trialkylphosphmes and tnalkylarsmes Isomeric 
pairs of compounds have been isolated m these cases and by 
analogy rather than by direct experimental evidence these 
isomerides are regarded as having a cis and bans configuration 

An investigation made m conjunction with Dr V E. Yarsley 
on the interaction of trimethylstibine and chloroplatimc acid led 
to the isolation of two compounds of identical percentage composi- 
tion, one being a soluble yellow monomeride [PtCL,2Sb(CH 3 ) 3 ] 
and the other an insoluble orange dimeride [Pt, 4Sb(CH 3 ) 3 ] PtCl t 
(Tiarts. Chem Soc , 1925, 127 , 185) With excess of the stibine 
both compounds are converted into a soluble tetrakistrimethyl- 
stibmeplatinous chloride, [Pt4Sb(CH 3 ) 3 ] Cl 2 , which forms a 
characteristic platmichloride [Pt4Sb(CH 3 ) 3 ] PtCl, These results 
show that the two products of the combination of platinous chloride 
and the stibme (2 mols) are not c is and trans isomerides 

VIII Action oj Sulphur Compounds in stabilising Cuprous 

and Aurous Salts 

The sulphides of copper and gold obtained m qualitative 
analysis represent a partial reduction of cupric and auric salts inas- 
much as the precipitates contam Cu 2 S and Au_,S This reducing 
action of hydrogen sulphide is reproduced when co-ordination 
compounds of copper and gold are prepared with the aid of addenda 
which contam sulphur 

Cupric chloride and bromide combine m molecular proportions 
with dimethyldithioethylene CH 3 S CHL CHL S CH 3 even m 
aqueous solution The resulting complex cupric halides show a 
marked tendency to change into cuprous compounds, this instability 
being especially noticeable m the case of the dibromide 
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<?«■ <?h 3 

CH, — S. n Cl], — S i 

6 H I_s^x a -> cn^ — S ' 'Cux 

CH, CU 3 

This diminution m the valency of copper is accompanied by 
a colour change from dark green to white 

A similar parallelism is observable in the case of gold salts 
Auric chloride and the d’thiol ether furnish a yellow complex 
aunchlonde which m contact with moisture undergoes reduction 
to the white dimethyldithiolethylene aurous chloride (Morgan and 
Ledbury, T)ans Chem Soc , 1922,121,2883) 


CH 3 

CH, — S . m 
CH a — ' >A,lCi 3 
CH, 


9 T L 

CIl, — S I „ 

C]]“— S-' >AuC1 


CIL 


More recently Mr Burstall and the writer have employed 
ethylenethiocarbamide as a stabilising agent for the lower and more 
fundamental valency of the metals of the currency group with the 
result that remarkably stable aurous and cuprous complex salts 
have been isolated 


ch 2 .hh v 

I >C:S 

CH 2 .UH 


etu 


Cuprous Salts 
[Cu,3etu] ,SOj 
[Cu,2etu] Hal 
[Cu,4etu] NO s 


Aurous Salts 
[Au,2etu]NO., 
[Au,2etu,H,0]Cl 


[Cu J ,5etu,H,C](NO,) J , 3RO 


Hal = Cl, Br or I 


For comparative purposes these investigations have been 
extended to silver, although m this instance the lower valency of 
the metal is the one usually manifested It is, however, note- 
worthy that trisethylenethiocarbamido diargentous persulphate is 
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a colourless crystalline substance stable up to 160° and that the 
complex silver chloride and bromide containing the thionaled 
addendum are not affected by light 

Argentous Salts 

[Ag,4etu]NO s [Ag,3etu]Cl 

[Ag 2 ,3etu](N0 2 ) 2 [Ag,2etu]Br 

[Ag 2 ,3etu]S 2 O s [Ag,etu] I 

Assuming that each molecule of ethylenethiocarbamide 
contributes two electrons, then the electronic structure of cupious 
and silver ions m the nitrates [M,4etu]NO s corresponds with the 
structure of krypton and xenon respectively 

The cation of the aurous nitrate [Au,2etu]N0 3 , although 4 
electrons short of the structure of an inert gas, is a remarkably stable 
complex, crystallising unchanged from boiling solutions, and not 
reduced to metallic gold by formaldehyde 

The three complex nitrates from the currency metals dissolve 
in water to neutral solutions (P H value about 6 2) Conductivity 

experiments indicate that they are almost as highly ionised 
in aqueous solutions as the conespondmg salts of the alkali metals 
It may be said that co-ordination of copper, silver and gold ions 
with a thionated addendum, such as ethylenethiocaibamide confers 
on the three currency metals the ionic propeities of univalent alkali 
metals 

The interactions of thionated organic compounds and salts of 
copper, silver, gold, mercury and platinum have been studied m 
considerable detail by Sn Prafulla Chandra Ray and his co-workers 
(Trans Chem Soc , 1919,95,871) Considerable attention has 
been devoted to the varying valency of platinum with respect to 
mercaptanic radicals and suggestive results have also been obtained 
m a study of the complexes of gold chlorides with organic 
sulphides and mercaptanic radicals (P C Ray with K C Bose Ray, 
/ Indian Chem Soc, 1925, 1,63, 1928, 5, 527 , with D C 
Sen, ibid , 1930, 7 , 67) In these researches, as m our investiga- 
tions, thionated addenda tend to reduce gold to its univalent condi- 
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"V of the 

tion It remains to apply these results to the chemistr, s an ^ 
naturally occurring minerals of the currency group of metan 1 
especially those m which these metals occur m association \\ 
sulphur or its analogues 



Bengali Manuscripts at Evora 

B\ Surendia Nath Sen (Calcutta) 


The little town of Evora lies on a low hill in the midst of a 
fertile valley seventyfive miles from Lisbon In size and population 
ic hardly bears any comparison even with our small country towns 
but it occupies a deservedly high place in the history of Portugal 
The rums of a Roman temple, popularly associated with the 
goddess Diana, testify to its gieat antiquity and eighty years before 
the birth of Christ this obscure place formed the headquarters of 
Sertorious In 712 Ebora, as it was then called, passed into the 
hands of the Moorish conquerors to witness four hundred and 
seventy years later a glorious triumph of the Christian arms 
Here the great dramatist Gil Vicente, the gieatest of his land, 
breathed his last and some of his “autos” or religious pieces were 
staged at Evora to divert his royal patron In the 16th century 
Evora became the seat of an Aichbishop and a University was 
founded m 1550 To-day Evoia has hardly anything to boast 
of The University is a thing of the past, the small museum 
attracts but few visitois, the cathedral is no more attended by the 
proud nobility, but the Public Libiary is rich m rare manuscripts 
and inquisitive students, though their number is necessarily 
limited, still make their pilgrimage to the capital of 'Alemtejo 
Among its jealously guarded treasures are three Bengali manus- 
cripts, two of which are unfortunately incomplete 

That Bengali manuscripts should find their way to this fai 
off Portuguese town is no wonder, for Frei Manoel da Assumpcao 
was a native of Evora, and we are indebted to him foi a Bengali 
grammar m Portuguese and a Bengali prose dialogue with a Portu- 
guese version of the original text These are now fairly well known 
to students of Bengali language and literature Ciepar Xastret 
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Oithbhed or Compendio dos misteiios de jee have been frequently 
referred to by many Bengali scholars and copious extracts from it 
as specimens of early Bengali prose, as it was written by a foreign 
student of the language, have been quoted by Prof S K. De m his 
Bengali Liteiaiwe in the \9th ccniwy and Piofessors Suniti Kumar 
Chatterji and Pnya Raman Sen m their edition of Mancel Da 
Assumpcao’s grammar There was a fairly large Chnstian com- 
munity m the villages of Bhawal in the 17th century and it was 
urgently needed that missionanes well versed m the dialect of the 
district should minister to its spiritual needs Fiom a letter m the 
Cunha Rivara collection (Evora, Public Library) addressed by a 
Portuguese priest, Frei Alvaro d_a costa, m 1682 to his friends at 
home it appears that he found many Christians m Bengal, parti- 
cularly m an island called Ramnacoi (Ramnagar) but they had not 
seen a Padre for many years Frei Manoel da Assumpcao was 
Rector or Head of the Mission of Saint Nicholas Tolentmo in the 
province of Bengal in 1735 and things seem to have considerably 
improved in the meantime It was for the benefit of the mis- 
sionaries, who were expected to make new converts and to look 
after the moral and spiritual welfare of their flock that Frei Manoel 
compiled his grammar and vocabulary and the dialogue Both 
of these works were dedicated to Dom Miguel de Tavora, Arch 
Bishop of Evora, and were printed simultaneously m 1 743 at Lisbon 
by Francisco da Sylva, under the supervision of Frei George da 
Apresentacao, who was piobably an intimate friend and colleague 
of the author The grammar and vocabulary seems to have re- 
ceived but scant attention at the time, for Diogo Barbosa Machado 
does not metion it m his Bibliotheca Lasitana published only 
nn\e years later Nor does he give any detail about the life and 
occupation of Manoel da Assumpcao that cannot be gatheied from 
his title page Innocencio Fiancisco da Silva, who brought out 
his Diccionaiio Bibliographico Poituguez in 1840, refers to this 
omission on the part of Barbosa but observes that the book had 
already become rare and he saw only one copy m Librana de Jesus 
Crepar Xastrei Cfcthbhed seems to have been more populai and 
went through a seebnd edition m 1 869 The second edition was 
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published at Margao near Goa and copies of both the editions are 
to be found m the Bibhoteca Nacional of Lisbon The Calcutta 
copy unfortunately lacks the title page and the preface and I need 
not offei any apology for reproducing them here The title runs 
as follows .< 

Crepar Xaxtrer Orth Bhed 
Xixio Gurui Bichar 

Fr Monoel da Assumpcam, Liqhiassen, O buzhaiassen Ben- 
gallate Baoal dexe, xon hazar xat xohopomtix bossor Christor 
zormo bade Bhetton cooilo boro thacuique D Fr Miguel de 
Tavora Evorar xohorer arceb’spo 

Lisboate Frarcisco da Sylvai xaze, Pataxaer quitaber xap 
sorima xpor zormo bostore 1 743 

Xocol uchiter hucume 

It will be perceived that Manoel da Assumpcao and his printers 
had for obvious reasons to make use of Roman scripts Probably 
the author thought that it would be too much to expect the new 
arnvals from his countiy to learn an unfamiliar script as well as a 
novel tongue “Xocol uchiter hucume’’ seems to be the literal 
translation of “com todas as licencas necessarias,’’ not a happy 
rendering m any case In the preface the Bengali reader is address- 
ed as follows 

Bengallire Poroho Zanan 

Doxto Bengali, Xcno Puthi xocolei utom puthi, Xaxtro 
xocoler utom xastro , Xaxtri xocolei utom xaxtri Christor Xaxtri, 
Crepar xaxtro ebong crepar xaxtrer puthi 

Ehi puthile xon mondia paiba buzhon, buzhan, buzhibar, 
buzhaibar upae tonbar Axtar bedhei ortho xono, xonao , por- 
thoquie zama buzho, buzhao pormamer ponth dhoro, dhorao, 
xixio Gurur mate mae conte xiqhao , eha zama, buzhia, mama 
mucti hoibeq , dox agguia palon coro zodi 

The Bibliotheca publica of Evora possesses an incomplete 
manuscript of this work The opening lines differ slightly from 
the opening lines of the published book and the last page 
concludes thus 

P. xorir zia utthon quemon buzho? 
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Z Buzhi , ze xocol manux., bala ar bura zia uthibo 
moha proloyer dm xonr, ar atua xomet bichar hoite 

Of the grammar Evora possesses only a printed copy but on 

p 141 of the above-mentioned manuscript ( ) we come 

across a fragment of a Dictionary which may be reasonably ascribed 
to Frei Manoel Here he starts with an effort to supply the collo- 
quial and polished Bengali as well as Hmdustham synonyms of 
Portuguese words But after a few pages he gives up his attempt 
probably because the task was beyond his capacity The Diction- 
ary consists of 22 pages only, many of which are blank, and ends 
with the phrase “depois de amanha-cahcarpor ” The third manus- 
cript is luckily complete except for a few lacunae evidently caused 
by the depredations of worms It was first noticed by Cunha Rivara 
m his descriptive catalogue of the manuscripts at Evora We 
learn from the title page that the author was “that great Christian 
Cathecist who converted so many Hindus, called D Antimo, son 
of the king of Busna ’ ’ Of Dom Antonio we know but little He 
was taken captive to Arakan in 1663 and was subsequently ran- 
somed by a Portuguese priest, Manoel de Rozario, who converted 
the Bengalee prince When exactly this dialogue was written we 
do not precisely know but it can be safely surmised that this 
manuscript supplies specimens of the later seventeenth century 
Bengali prose The language is naturally more chaste than that 
of Fr Manoel da Assumpcao and the best portion bears comparison 
with the less sanscritised portion of Mrityunjaya Tarkalankar’s 
Piobodh Chandnlia It also illustrates the persistency of some 
Eastern Bengal proverbs which still run current The title page 
and the prologue are in the handwriting of Fr George a Appre- 
sentaeao and the Portuguese version was made by the indefatig- 
able head of the mission of St Nicholas Tolentmo The translation 
is not literal but it gives the general sense fairly correctly Probab- 
ly when Frei Manoel da Assumpcao sent his grammar and dialogue 
for publication at home he also sent the earlier work of Dom 
Antonio with the same intention, for we cannot otherwise explain 
his prologue Dom Antonio does indeed make several references 
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to Crepar Xaxtro but it does not follow that he alludes to the work 
of Frei Manoel Ciepar Xaxtro was probably known in an earlier 
Bengali version As is appaient fiom the title Dom Antonio 
aimed at demonstrating the falsehood of Hinduism and to establish 
the superiority as well as the infallibility of his own faith His 
book, therefore, is wntten m the form of a discussion between a 
Roman Catholic and a Brahman and as it can be easily guessed 
the Roman Catholic had the best of the debate The dialogue opens 
with an examination of the Hindu theory of predestinaton and then 
the ten incarnations of the Hindu mythology are discussed m detail 
The Brahman next goes on to explain the Hindu trinity which is 
also rejected by the Christian Finally some of the popular religious 
practices and rites aie reviewed and the Brahman is converted to the 
views of the Roman Catholic. The dialogue ends rather 
abruptly 

Dom Antonio had one advantage ovei the Poituguese missio- 
nanes He was more familiar with the religious beliefs and super- 
stitions of his countrymen than the foreign priests and as Bengali 
was his mother-tongue he uses its idioms with greater success and 
more freedom than Fiei Manoel But at times Dom Antonio be- 
trays the superficial nature of his acquaintance with the Puranas, for 
he includes Krishna Vasudeva among the ten incarnations Nor 
is his version of other Pauranik incidents free from inaccuracy But 
we do not turn to this rare manuscript as a reliable discourse on 
popular Hinduism , it is to be prized as the earliest known prose 
work in Bengali and as such is its value to be assessed 

The prose of Dom Antonio is simple but it cannot be claimed 
that he always used the colloquial language of his time Although 
the vulgar word is not systematically excluded, the author does not 
hesitate to use the more polished language which the learned alone 
would appreciate It is not the place to discuss the method of 
transliteration, suffice it to note that the same word is sometimes 
differently reproduced m Roman script The text covers 1 20 pages 
quarto of foolscap, in one column is reproduced the original text 
while the Protuguese version is written opposite There are m the 
text several Sanskrit quotations, but the transliteration is m these 
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cases so unsatisfactory that I have not been able to restore two of 
them 

The major portion of the text was copied by me during my 
sojourn m Portugal The text has now been prepared for the press 
and will, I hope, be of some use to more serious students of Bengali 
language when published 

The Portuguese weie responsible for many misdeeds in 
Bengal, they are lemembered to-day as ruthless pirates But they 
certainly deserve our praise and appreciation for the valuable service 
their missionanes rendered to our mother-tongue Had Manoel 
da Assumpcao done nothing but compiling his grammar and voca- 
bulary he would still be entitled to our homage of gratitude, but he 
did somtehmg more It was he and his friend George da 
Apresentacao who were responsible for preserving the earliest 
known prose work of a native born Bengali and it was rescued 
from oblivion by a Portuguese scholar, the late Sir J H da Cunha 
Rivara Let us forget Gonzales and remember Manoel and 
George 



Breeding Work on Rice ( Oryza sahva L) 

m Assam 

By S K Mitra (Joi)nt) 

The fundamental basis of experimental plant breeding lies 
m the laising of pedigreed cultures of plants The application 
of this method has given a great stimulus to plant breeders to 
improve the cereals during the past thirty years Undoubtedly the 
studies m plant genetics since 1900 as well as the development of 
field technique have furthered the cause m a large measure to 
standardize methods of breeding Definite information regarding 
better methods of selection and the nature of inheritance of parti- 
cular characters is being added year after year 

The problem of the plant breeder to-day is to originate a 
desired variety that suits the purpose of the cultivator m giving 
an increased yield or improved quality that will give him a better 
profit So far as our work on nee is concerned we are working 
mostly for the quantity and so very little foi quality, as the latter 
is not so well recognized by our common cultivators Such being 
the case the Indian plant breedei has to take yield as his first consi- 
deration, although he may improve the quality and yield simul- 
taneously having the quantity as the desired end m view But one 
fact that an individual plant breeder should always have to bear 
m mind is that a variety recommended to the cultivators should 
have a wide range of adaptability m a province at least within a 
large area 

Unlike wheat the adaptability of rice is very limited The 
well known Pusa 4 wheat developed by the Howards is being 
extensively grown successfully m such diverse places as m the 
North-West Frontier Province, Oudh, Bihar and the well-irrigated 
tracts of Central India Such a case of wide adaptability m nee 
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is> not known Observations at the Government rice experiment 
stations in Assam have shown that, except a few selected varieties 
from Bengal, all the recommended varieties of other sister 
provinces as well as from outside of India are of very little use 
However, it may be said that such varieties as As 2 Basumati 
(Autumn rice) and S 22 Lati sail (Wintei rice), developed at the 
Government rice station at Kanmganj, have proved successful 
covering a laige area in both valleys of Assam 

Improved varieties of rice may be produced by two methods, 
viz , selection and hybridization It has been said of a Chinese 
Emperor Kiang-Hisi (1662-1723) that while walking m the field 
he observed a stalk of rice m ear which was higher and far ahead 
of all the rest m maturity He ordered it to be preserved and this 
was the origin of one of the best commercial rices in China It 
was a mere chance selection We do not know of any record 
whether such a variety was ever developed in India However, it 
may safely be said that like their brethern, the Eg 3 'ptians and the 
Chinese, the cultivators of Assam developed a knowledge 
of selection of rice eais and that old custom survives even to-day 
in seme quarters 

In plant bleeding the modem geneticists’ methods and 
technique m the selection and hybridization of plants grown m the 
field and analysed in the woiking loom by well developed statisti- 
cal methods lesemble the chemical analysis of a chemist in his 
laboratory Recent investigations in chromosomal theory, on 
which the modern theory of heredity is based, have started a new 
age in genetics and it is really a pity that authoritative work on this 
line (Cytology) is still wanting in India 

The development of the idea of heredity and the pure line 
types for which we are indebted to Gregor Johann Mendel and W 
Johannsen respectively, has enabled the plant breedeis to obtain 
suitable varieties m a reasonable period of time How attempts 
are being made to follow the means and methods of these two 
theories m rice at the Government experiment stations m Assam 
will be discussed heie briefly 

1 Pure line selection. — As the improvement of the quality 
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of seed is undoubtedly the best inexpensive method of increasing 
the yield per acre that can easily be adopted by the cultivators, the 
work on pure line selection has been resorted to Accordingly a 
large number of samples (about 650) were collected in the two rice 
stations and over 2,200 types isolated as pure A series of varietal 
tests were conducted m each class of nee such as aus, sail and asra 
When a variety or type gives constantly high yields over a three to 
five year period both m varietal experimental plots as well as undei 
field scale observation, it is then recommended to the cultivators. 

In order to compare a high yielding variety against a standard, 
a locally known paddy, the “checker-board" method is adopted 
in 10 ft x 1 0 ft plots replicated in 1 2-24 times or more About 
200 seedlings are transplated m each plot out of which hundred 
plants from the inside "rows are collected and weighed for experi- 
mental purposes The results are then tabulated and statistical 
methods are employed for the computation of certain mathematical 
constants which expiess the characteristic featuies of the types 
under comparison in comprehensible terms As a result of 
' successful selection twenty-nine varieties or types have been 
recommended to the cultivators and are being grown successfully 
in many localities It may also be mentioned here that “the Latin 
square" and “Randomized block” methods have recently been 
introduced m comparing the high yielding varieties of rice 

2 Hybridization — The improvement of rice by cross- 
fertilization is a subject which is not only very difficult m its opera- 
tion, but does not produce any immediate iesult as that met with m 
the case of pure line selection As a result of successful crossing, 
the evolution of a new type which satisfies the conditions m yield 
as well as in vegetative characters, such as erect straw, awnless 
and uniform grains, dense panicle etc entails six or seven years 
continually 

The question may anse whethei a particular lice that is 
being grown m a locality as a well-known crop is pure This 
question can only be solved by cross-fertilization According to 
the law of Mendehan inheritance the characters of the two parents 
in a cross of F x (fust filial) generation come out distinctly m F s 
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(second filial) generation, where both pure and mixed types arc 
produced This is known as “Mendelian segregation” which 
will be discussed later 

Inflorescence — The rice inflorescence consists of a panicle 
on an extended pedicel with branchlels bcaiing the rice flowers 
or spikelets. The flowers are perfect with six stamens The 
gram is oblong or obtuse tightly enclosed in the glume or hull 
Generally the rice plants open their flowers after sunrise at about 
9 am or 10 A M At this time the two inner glumes open at the 
top and the pollen-bearing anthers come out The glumes close 
after a short time and the pollen sacs remain hanging outside by 
the thread-like filaments 

Observations on the opening of rice flowers show that the days 
lequired for the opening of all the flowers* m a panicle vary from 
5 to 9 days Moreover, flowering is vigorous from the 2nd to the 
5th day and the maximum rate of flowering is obtained on the 2nd 
or 3rd day Except in the rainy or cloudy days flowering begins 
at 7-30 A M and continues up to 12-30 P M 

Natural cross-fertilization — It may be stated at the outset that 
the male element is the pollen and the female element is the pistil 
bearing the ovary within Although the rice flowers are perfect 
and mostly self-fertilized, cross-fertilization sometimes occurs 
which may be caused mostly by wind In Bengal Hector (1913) 
found cross-fertilization to occur m rice to an extent of about 4 per 
cent Parnell et al (191 7) m Madras found it to be between 0 1 and 
2 9 per cent wih an average of 1 4 per cent on experimental basis 
The observation of the writer and his assistants showed that natural 
crosses do not occur more than 0 5 per cent on average under 
Karimganj conditions This lowei percentage of natural crosses 
in Assam is perhaps due to heavy rains during the aus flowering 
season and the dewy mornings during the sail, both of which 
prevent the pollen from being tiansferred easily. 

Artificial cross-fertilization — The purpose of artificial cross- 
fertilization in rice is to oiiginate some new types that may suit 
best the climate and the soil for which it is intended and give a 
comparatively higher yield than any of the existing varieties. Cross- 
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fertilization also brings forth m the progeny the Mendehan inheri- 
tance of characters m rice as well as the puie strains of the parental 
varieties dealt with Such a work has a scientific value of its own 
as well as a direct economic value on the line of genotypic selection, 
1 e , the breeding of improved pure strains 

Actual operation — When it is required to pollinate by arti- 
ficial means, it is always necessary to protect the essential parts of 
the flowers This is to be followed in the case of spikelets of the 
panicle that are chosen for cross-fertilization The flowers, from 
which the pollen is to be used, should also be separated carefully 
m order to prevent the mixture of foieign pollen after the opening 
of the flowers The anthers bearing the pollen of the flowers, 
which are to be used for crossing, should be removed before the 
dehiscence of the pollen sacs This operation is called emascula- 
tion 

In Assam the majority of the rice flowers open from 1 0 A M 
to 1 1 A M , although differing to some extent with the season and 
atmospheric conditions Anthers are, therefore, removed early in 
the morning (6 A M ), when there is very little chance of dehiscence 
of the pollen, care being taken to select such flowers as are expected 
to open on the same day The glumes which m some cases tend 
to remain slightly open are kept closed by a small rubber ring cut 
from an ordinarj' cycle valve tube The emasculated flowers are 
pollenised when the anthers mature at about 1 0 A M In so domg 
the individual anthers are held by a pair of forceps and brushed 
against the bifurcated feathery stigma At this stage the pistils 
are m a receptive condit'on and pollination takes place easily 
After the pollination the two inner glumes are kept closed by the 
same rubbei ring as stated before just to hold the gram intact and 
free it from exposure When this crossed gram is mature, it is 
stored carefully to be grown m the next season 

F, generation — The crossed grams, as stated above, are 
grown separately m the next year. The vegetative characters of 
the individual plants are to be studied m detail from germination 
to maturity After the collection of the mature panicles the 
dominant characters of the crossed plants are easily noticed. 
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F 2 generation. — In the next year the seeds obtained from the 
F, plants are grown singly and the result is the Mendelian segrega- 
tion of parental characters, 1 e , the harvested grams, when 
examined, show the chaiacters of their parent plants m some, and 
new combinations of parental characters m others, showing 
dominant and recessive characters in a 3 1 ratio 

The segregation of parental as well as mixed characters 
becomes distinctly visible when the resulting seeds of F are grown 
m the 3rd year, which will give the seeds of F., generation The 
latter in their turn, when grown in the fourth year, will give out 
a segregated progeny as before, of which some will be pure as 
their parents (both mother and father plants) and the rest will be a 
mixed progeny as before It is from the pure types, thus obtained, 
that the selection work is to be continued so as to get a desirable 
fixed character which will suit the need of the cultivators 

In their work on cross-fertilization Hector (1922), Parnell et 
al (1917 and 1922) and Ramiah (1930 and 1931) have realized the 
difficulty of working -with so many different varieties with their 
respective colour combinations exhibiting in various parts of the 
plants as well as characters such as awn, outer and inner glume, 
size and shape of grains (unhusked) etc In a previous publication 
(Mitra, Gupta and Ganguli, 1928) the writer with the help of his 
assistants has dealt with the colour inheritance m rice He has 
also studied the vegetative characters mentioned above and some 
species crosses (Mitra and Ganguli, 1932) 

Some of the characters in rice, such as awn, glutinous endo- 
sperm, colour of inner glume etc have a bearing on the relative 
appearance and market value of the grams They are of great 
economic importance to a plant breeder In the work of rice 
selection at the Government rice experiment station at Karimganj, 
Sylhet, it was noticed that a high yielding variety may have long 
awns or weak straw, both of which aie undesirable characters from 
the economic point of view Moreover, a variety may have 
uniform long grains with glutinous endospeim, while others may 
have short grams with translucent endosperm In all such cases 
the undesirable characters make a variety unpopular, although it 
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may have a higher yield than others It is with a view to study 
these characters and, if possible, to combine desirable traits, 
apparently inherent m individual varieties, that a large number of 
crosses were tried and then genetic data foi succcssnc generations 
carefully studied and mathematical constants calculated for 
the “goodress of fit” in the Mendehan lalio lmolvcd in compre- 
hensible terms To the credit of the Kanmganj nee station it may 
be stated that it lias been aide to give out two types of hybiids, 
mz , Kurimgnnj 1 and Karimganj 2 which have proved very 
successful m cultnators’ fields, while there arc four more hybrid 
types showing promising results undei comparison 

In conclusion, l may point out that a question may arise about 
the reed of ™ at hematics to agricultural science In answer to this 
I may ea\ that the ire of mathematics to biological scicrcc is not 
to show an .air of crudiPon or is an end m itself, but only as a means 
to an end Tbc aim of a plant breeder is to continue bis work sys- 
tematically on research m a line and gm a proper interpretation of 
related facts Tbc production of fruitful icsults, having an econ- 
omic and c cienlific \alue and not men. collection of data, is really 
the goal of a research worker on plant breeding 
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A Micro=ChemicaI Method for Detection, Separation 
and Estimation of Nickel and Cobalt 

Bi N C Nag (Calcutta) 

In the Zeitschrift fuer anorg Chemie 1 I described a few 
observations on certain reactions of Cobalt and Nickel salts Sir 
P C Ray m communicating the paper added a note — “Die oben 
beschriebenen Reactionen wurden in der letzten Wochen des Marz 
1896 Herrn Nag beobachtet und ich net lhm, die untersuchung 
fortzusetzen und wenn moeghch, die neue Verbmdung zu 
isoheren 

The occasion of the old Master’s 70th Birthay celebration has 
stirred m me the old, but never to be forgotten, memories 
of encouragement I then received 

The mam point is the production of a deep Violet coloured 
precipitate of a Nickel compound and of a gieen coloured solution 
of a Cobalt compound which are formed when their salts in solution 
are treated with an excess of alkali-bicarbonate and bromine The 
reactions are delicate enough to be applicable as micro-chemical 
tests for the separation and quantitative estimation of Nickel, 
gravimetrically by micro-chemical balance and volumetncally by 
N/ 1 00 oxalic acid and permanganate or by N/ 1 00 lodme- 
thiosulphate, Cobalt being determined colorometrically 

In the present paper I shall deal with the Nickel compound 

only 


1 Zeit fur anorg Chemie, Band XIII, 1896 — Ueber neue Kobalt und Nichelsalze 
von Nagendra Ch Nag 
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Experimental 

(а) One gram of nickel ammonium sulphate, NiSCfi 
(NHJj SO L 6HX>, is dissolved m 100 cc of water This 
contains m one cubic centimeter 0 001488 gram Nickel 

(б) One cubic centimeter of the above solution is further 
diluted to 1 00 c c One c c of this latter diluted solution contains 
0 0000 1 488 gram Nickel 


Qualitative Tests 

For mere detection, one drop of the mere dilute solution (b) 
is taken m a small crucible or a narrow small test tube, a little solid 
sodium or potassium bicarbonate dropped m and the liquid saturat- 
ed with bromine vapour The vessel is then gently heated on a 
micro -water-bath as is generally used m micro-chemical tests 
The characteristic reactions are easily noticed with the unaided eye 
Jn the microscope and spot-test method even lesser quantities may 
be used 


Quantitative Estimations 

I shall illustrate these by quoting actual figures from my note 
book 

GiaVimetnc — 0 50 c c of the solution (a) was taken m a 
micro-beaker (improvised for the purpose, cap 1 5 c c ), a pinch 
of solid sodium bicarbonate added and bromine vapour applied to 
saturation The beaker with the now yellow liquid was placed on 
a micro-water bath With the disappearance of the yellow colour 
of the liquid a deep violet precipitate was formed (some of which 
gets attached to the sides of the expenmental beaker and are not 
easily detachable). After precipitation and cooling, the beaker 
with its contents was placed into a Jena glass filter funnel and 
fully washed with distilled water using a gentle suction by a water 
pump The precipitate with the beaker in the funnel was then 
dried in an air oven (temperature 90 °C) and finally weighed to 
constant weight m a micro-chemical balance (Bunge Assay Balance 
carrying upto 20 grams and adjusted sensitive to cne-thousandth 
of a milligram when the pointer scale is read with a magnifying 
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lense from outside the Balance Chamber) The difference between 
the previously determined weight of the washed and dried funnel 
with the beaker, and the weight with the precipitate gave us the 
weight of NTOj 

Weight of the glass filter funnel and beaker with 

piecipitate 17 322947 gram 

Weight of glass filter funnel and beaker 17 321900 gram 

Weight of precipitate 0 001047 gram 

The quantity actually found by weighing agrees exactly with 
the quantity theoretically calculated from the amount of nickel 
ammonium sulphate taken in 0 50 c c of solution (a) 

Theorectical for Ni 2 0 3 . . 0 00 1 047 gram 

V olumetnc — The above quantity of Nh0 3 was then dissolved 
in 1 0 c c of N/ 1 00 oxalic acid by placing the micro-beaker with 
the glass filter funnel in a larger sized beaker and titrated with N / 1 00 
permanganate after addition of dilute sulphuric acid and warm- 
ing This required 8 70 cc ofN/100 permanganate, leaving 
1 30 c c for oxygen supply from the nickelic oxide The oxygen 
quantity from the above result comes to 0 00008 x 1 30 = 0 000104 
gram corresponding to 0 00107 gram of Ni_0 3 — a somewhat 
higher figure than required by theory A more dilute solution of 
the standards used gives better agreement 

In a similar experiment with 0 50 c c of solution (A), as 
above, the precipitate of, NnO, was treated with a solution of potas- 
sium iodide and Hydrochloric acid, the liberated iodine being 
estimated bjr N/100 Thiosulphate The titraton was carried out 
in a suitable wide-mouthed glass-stoppered bottle for proper mani- 
pulation The result was closer than with peimanganate 

It has been found quite feasible for volumetric work to use 
Schleicher and Schull’s No 589 filter paper (White Band), which 
allows quick filtering, so that the whole operation for estimation 
from the beginning to end does not take more than 20 minutes In 
the case where the estimation is made from iodine liberation, the 
filter paper material often serves as the indicator and does not 
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require an additional drop of starch solution In a particular case, 
the liberated iodine was equivalent to 1 27 cc of N/100 
thiosulphate This corresponds to Ni 2 0 3 = 0 001050 gram while 
the theoretical quantity taken was 0 00 1 047 gram 

It will be observed that both gravimetric and volumetric esti- 
mations gave concordant and close results , 

Experimental results with Cobalt solutions as also some other 
facts regarding mckelic oxide and preventing its getting attached 
to the sides of the experimental vessels will be the subject of a 
future communication elsewhere 

Summarising the above facts it may be said — Bicar- 
bonate + bromine test for Nickel (and Cobalt) is applicable as 
micro-test for detection and quantitative estimation, both volumetri- 
cally and gravimetrically This test compares favourably with 
those given in standard works 2 


2 Lmich-Schneider — Microchemical Laboratory Manual with a section on Spot 
Analysis by Dr Fritz Feigel (1932) 

Chamot and Mason — Handbook of Chemical Microscopy, Vol II (1931) 
Pregle-Fyleman— Quantitative Organic Micro Analysis (1930) 


39 



Sir P. C. Kay — A Radical Thinker 

B\ Sachin Sen (Calcutta) 


Sir P C Ray does not belong to a world that is past , he does 
not speak m a language of the past , he takes a dynamic view of 
men and things, he examines and receives ideas after they are found 
immalleable in the furnace of criticism — these are the virtues that 
have made him great In a country which is governed by slokas 
and shastras, atrophied by traditions that have no merit save their 
age, asphyxiated by a false sense of dignity, — it is really a pleasure 
to find a hero determined to uproot stale thinking and substitute a 
newer and more vigorous conception of life We are clogged and 
hampered with the compulsion of unmeaning rites, our strength 
is exhausted by our social ceremonials — “from birth ceremony, 
through the whole series, to death ceremony — exerting their way 
over both this world and the next, that we aie bereft of the energy 
to take any step forward” , the accumulated rubbish m the society 
has made our mind dead, arms weak and intellect unmquisitive *, 
“speculative explanations, metaphors hardened by usage into 
quasi-factual statements, fantasies arising out of germinating and 
suppressed impulses, false analogies, parables begotten and distort' 
ed, dogmatic excesses, the odd compromises of theological diplo- 
matists, the craving for super-natural sanctions” — all have mingled 
inextricably m our religious fabric , our pitiable immobility, 
“shrieking to the dead ghosts of the past to save us and living as 
a putrid and stinking corpse instead of as a living and self-renew- 
ing energetic creature”, is nauseating and suicidal Against all 
these vices and wastages, Sir P C Ray has raised his banner of 
revolt He stands for the mobility and adventurousness of the 
lace, for the freeing of shackles and prohibitions of all kinds about 
the most insignificant details of our daily career chloroforming our 



Sir P, C Kay — A Radical Thinker 


307 


lives insulated m the confinement of oui conventional solitary cell, 
for the establishment of perfect co-operation of life and mind He 
knows that stagnation is death and movement is life, the weak 
must perish and the strong would win ; truth is not for beggars but 
for seekers , vindictive self-assertion is an invariable characterestic 
of the hopelessly damned, whereas harmonious umty which does 
not nourish a spirit of rejection but furthers glad acceptance is the 
ideal of lovers of humanity , the serene light of freedom can only 
be enjoyed by those daring travellers who have been out to win 
the world outwardly and inwardly, but not by those householders 
who pme away their existence under the cartloads of household 
burdens and who are filled to the brim and loaded to breaking point 
with lifesuckmg rubbish in the dust-bms of the society 

In our country life does not grow and blossom, the people 
surround themselves with a hard incrustation of the most narrow 
and obsolete prejudice They do not live m fulness , they merely 
pass their days and drag their existence Sir Prafulla is an 
iconoclast m this respect he suffers no injustice, brooks no irration- 
ality, respects no tutelage He is out to purge the society of its 
evils, indoctrinate the country with rational and bold ideas, and 
champion the cause of righteousness, untinged by timid 
religiousity He is liberal m ideal and catholic m outlook. His 
mind is fertilised to receive and accommodate new ideas. Logic 
and not magic makes an appeal to him ; and neecssarily he detests 
conservatism which hampers growth, hammers new thoughts and 
hinders rational intercourse As a scientist, he has brought 
scientific outlook in all his activities He observes, he examines, 
he analyses and then he gets at truth The scientists respect 
nothing but truths and nothing is truth which cannot be proved 
That is what is called scientific attitude and this attitude he has 
preserved not only in his laboratory but also m other activities of 
life. There he is a radical thinker — a thorough reformei in politics 
and society He does not believe m accepting old things ; he has 
faith m receiving new things That is what strikes me most m the 
life of Sir P C. Ray 

Sir P. C Ray is one of those who subscribe to the creed that 
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no political miracle can be built on the quicksands of social slavery 
Accordingly, he is a firm believer in the reforms of the society. He 
has felt that the world is man-made and civilisation Is masculine , 
the society has been designed and shaped in a way which makes 
great injustice to women-folk Sir Prafulla has strenuously fought 
for the emancipation of woman from the trammels of the society 
and its outworn ideas He advocates late marriage which gives a 
new dignity to women, widow-remarriage which blots out 
inferiority complex m women, free mixing of men and women 
which brings the whole of mankind on an equal plane without 
relegating either section to any subordinate place He is a 
believer m the democratisation of the society it is merit and not 
heredity that will count, equal opportunities should be thrown to 
all and no class should suffer from any disability He is also a 
believer m the economic interpretation of the society people who 
are not economically potent factors have no place m his scheme of 
the society, the idle rich class who do not contribute stand con- 
demned m his scheme 

Sir P C Ray is a fighting thinker — he fights against injustice 
and abuses When he sees m the political field that any injustice is 
being inflicted on the people at large, he fights relentlessly When 
he sees the abuses of Bengalee genius working m unproductive 
channels, he raises the alarm fearlessly In his brochure 
(m Bengalee) “Abuses of Bengalee genius,” he pointed out how 
the Bengalee brains were employed in weaving fetters after fetters 
on the society on the plea of rites and ceremonials , that was a grim 
tragedy m the history of the Bengalee race In his view, the present 
system of university education by giving undue stress on the literary 
side and totally neglecting the vocational aspect is absolutely 
unsatisfactory and fouling the reputation of Bengal He has never 
stopped to give wide publicity to his view and in fact he said on 
one occasion — “If I am made the dictator of the university for one 
day, I would shut down the Law Department for at least three 
years ” He holds that the best of our youngmen are exhausting 
themselves m bleak obscurity m legal lines in lure of a phantom 
which comes m the case of a very few In the interest of the babe 
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of a future aeon, he advocates vocational training and is averse to 
divorce education from life 

Sir Prafulla Chandra is also a constructive thinker He 
believes m the industrialisation of the country A Bengalee, he 
says, is loath to work ; he has false sense of dignity and undue craze 
for university degree He always rebukes the idle and chastises 
the depraved He condemns the fissiparous tendencies of the age. 

“Words are silvern, deeds are golden ’’ Sir P. C Ray believes 
m deeds, he shmes in deeds, he does not exhaust himself m mere 
words He thinks and acts and leads others to act As a scientist, 
he is quick and precise, practical and accurate And also as a 
scientist, he has boldness m thinking and in exploring new 
thought-regions He does not like to live, move and have his 
being m “inverted commas” , he wants independent thinking 
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The Role of Aquatic Vegetation in the Biology 
of Indian Waters 

15\ Kaiipatfa Biswas (Calcutta) 

(Phtes 111 -XI) 

“Nature hath tones of magic deep and colours ms bright, 

And murmurs full of earnest truth, and visions of delight, 

’Tis said, The heart that trusts in her was never yet beguiled,’ 

But meek and lowly thou must be and docile as a child 
Then study her with reverence high, and she will give the key, 

So shalt thou learn to comprehend the ‘seciets of the sea' 

Marie. J Cwcn 

Water is the sustamer of life Creation pioceeded from water, 
so say the sacred books of India About thice-fourlhs of the globe 
are water and many “unfathomed caves of ocean bear” numerous 
plant and animal organisms which originate, grow and die m the 
depths of the seas, and finally the remains of many of them are pre- 
served for ages as fossils Thus in some of the beds of the oceans 
have been d’seovered vast areas covered with deposit of fossil re- 
mains of the most remarkable unicellular alga known as Diatom, a 
large number of which is the denizen of salt water The Diatoms are 
of various fantastic shapes They are mostly brown in colour 
The cell walls are sihcified and characterised by sculptures of 
extraordinary beauty They occur in great abundance displaying 
movements of various kinds, and serve as one of the most important 
food materials for the smaller members of the aquatic fauna These 
Diatoms , with other algae, act as great purifying agents by supply- 
ing oxygen and absorbing carbon dioxide, which animal 
respiration and decompose on impart to the water. The Diatoms 
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are ubiquitous species occurring m lakes, ponds, ditches and other 
fresh water reservoirs They reproduce both by asexual and sexual 
methods which have not yet been fully investigated India has 
vast coast lines and climates ranging from the most cool to the 
most hot, being suitable for harbouring a fairly large Diatom flora 
of which only about 3 % of the probable species have been worked 
out up to the present time 

The bulk of the vegetation of the sea of which the Diatoms are 
only the unicellular forms, is composed of seaweeds They are 
indeed the “treasures of the deep ’’ These seaweeds exhibit 
marvellous display of colours in their fronds, and the classification 
is, therefore, mainly based on the var.ation in their colour Hence 
they are divided into Blue-green ( Myxophyceae ), Green ( Chloio - 
phyceae), Brown ( Phoephyccae ), and Red ( Rhodophyceae ) Some 
of the members of the Rhodophyceae attain enormous size, 
of which Macrocystis pynjera and Lammana cloustom are the 
well-known examples Some of the membeis of the Rhodophyceae 
are freshwater species, and of these Batiachospermum Vagum, 
Sirodotia species, Compsopogon coeruleus and Compsopogon 
liVidus have been recorded by the author m recent years The blue- 
green and green algae have a large number of representatives m 
freshwater too, which will be mentioned hereafter The reproduc- 
tion of the seaweeds is a very complicated process and much light 
requires to be thrown on this subject But investigations m recent 
years have revealed many interesting facts which prove that the 
sexual reproduction has attained m the seaweeds a great advance- 
ment both from the morphological and the cytological standpoints 
The seaweeds of the different classes mentioned above are mostly 
submerged, and are attached by a holdfast, a root-like structure, 
called rhizoids, in lower plants Of the phanerogamic plants only 
a few are residents of the sea The seagrass Zosteia manna (eel- 
grass) is the most predominant species worth mentioning The 
seaweeds are the important sources of Iodine 

The colour of the seawater which is sometimes red, brown, 
greenish grey, blue-green, etc , is due to the presence of large 
masses of floating plant and animal organisms drifted by the current 



The Role of Aquatic Vegetation In the Biology of Indian Waters 


of the sea and wind Such a floating mass of organisms is known 
as Plankton and here we arc concerned with only the marine Micro- 
phylo-planlilon These arc generally composed of Cyanophyceae, 
Diatomaceac and Pendineae ( Dino-flagcllatac ) Thus Tucho- 
desmium eryihracum imparts, by its occurrence in great abun- 
dance, the red colour to the water of the Red Sea, especially 
near the coast Nodularia spumigcna causes greenish grey colour, 
due to its presence in myriads, in the Baltic Sea, so does Heho- 
Irichum m the tropical parts of the Atlantic Ocean Some of the 
species of the Dialomacious genera Thala ( >$iosira, Chactoceias, 
Rhizosolcnta, Coscinodtscu'; and T/iakmio/hnv, floating m huge 
masses, lend brownish or greenish tints to the Arctic seas Of the 
flagcllata Ccraltum /npo«. s the well-known marine species, and the 
luminiferous plankton forms of the marine dmo-flagcllalcs in the 
North Sen, Skagcr-Rak and Western Baltic render the seawater 
phosphorescent in the autumn The marine plankton algae are 
the source of food to marine 7oopiankton which is the ultimate 
food of other larger marine animals, such as sea gulls, whales and 
others The majority of the food supply is m the form of fat The 
abundance of oil in marine animals is perhaps due to plant food 
full of oily substance The distribution of the plankton algae, 
as also the occurrence of large seaweeds m different parts of the 
seas at different strata arc controlled by various climatic and 
physico-chemical factors dependent on geological conditions 

In the brackish waters of the mbind gulfs, bays, lakes (as for 
example the Chilka Lake and the Lnnur Salt Lakes), and 
also channels and creeks m this country, the aquatic vegetation is 
interesting in the sense, that towards the land the freshwater spec cs 
show signs of halophytic (salt water plants) adaptations by 
gradually encroaching upon the blackish water areas. Like the 
typical members of the mangrove formation in the estuarian regions, 
the water plants m these situations have also their representatives 
which arc to a certain extent characteristic of liltoial flora The 
nature of these mangroves, especially algrd vegetation has been 
discussed m brief by the author in his previous papers on the 
Calcutta Salt Lakes and the Chilka Lake 
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The most common species of algae found in these parts are 
Erticiovno) pha mtcslmah s, Enlciomorpha prolifer a, Enlcromorpha 
compicssa, Chaclornorpha hnum, Cladophoia g lomcrala , Clado- 
phora ertspata, Cladophoia caltcoma «mcl tcvcral typical species 
of Oictllatoria, Lt/ng6i /a and Mtciocoletri, of winch Oscillaloria 
laelcoircti'y, Lynghya ac*h<arti and hhcrocoleit s ch(honopla r tcs 
and others deserve * pet ml mention Ltmgbya o r hracca, the iron 
bacterium forms here and there rush colouration alone? t he margin 
Several species of brackish water and salt water Diatoms form 
tlun film on the silt .dong the hanks after the flood-tide subsides. 
Other species arc members of Rhodopht/ccac and Phacophijccac 
Of the Rhodophyccac-Giacdaun confcrooidcp (one of the spec cs 
from which Agar Agar is manufactured), Gralcloupia fdicina, 
Polysiphoma sp , Ccramwm graedhmum and others arc common 
in the Clulka Lake and the Cnnur Salt Lakes Towards the slop- 
ing margins in shallow portions of these brackish water lakes are 



Tip I — A come- of Pr.un Lrtl t Ro\ it B'lnntc G-rdrn Cn'citti •turning in the 
foreground ne lr the *ide growth rf At ’iimhu m o~c i'-- m Nyr phcca alba 
nnd Nymphaca ruhrri, Salumtn cuculata /lro !la p male and Marsilca 
quadrijohala In the hnchpround patches of amphibious p'nnts Panicum 
mulicum mid Herpatr is rnonnuru n c \tsihle Photo In Mr 1 P 
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sometimes found submerged, Haiophila ovata and Potamogeton 
pectinatus 

The current waters of rivers, streams and waterfalls etc , do 
not harbour sufficient vegetation which might be said to exert much 
influence on the biological conditions prevailing m them In the 
river Hooghly neai the Royal Botanic Garden, Calcutta, some of 
the common species of algae found are Lyngbya aestuarn 
Enter omoi pha sp , and Diatoms Of the Diatoms, Synedra affims 
var jasciculata, Meiosira Vauans and Meiosua D1cb.11 are the com- 
mon epiphytic Diatoms which adorn the filamentous alga<° 
growing on different substrata along the banks Of Rhodphyceae, 
Chylocladia kahjoimis with its full splendour has also been dis- 



Fig 2 — A choked up lank of the Royal Botanic Garden, Calcutta, -with the surface 
■vegetation of Pamcum muticum and Mik,ania scandcns ov_r the Macro- 
plankton flora of Eichhornia spcciosa Photo by Mr T D Srimvasan 


covered by the author gi owing frequently on bricks, stones, irons 
and wooden structures between tide marks, and here leported for 
the first time from India Species of Polyciphonia too are some- 
times found attached to the iron and wooden structures of the 
floating portion of the jetty and on stones and bricks strewn along 
the margin of the river Vessels calling at the port of Calcutta, 
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the ferry boats and the buoys are sometimes seen covered, parti- 
culary m the zone of tide marks, with beautiful green Entero 
morpha sp , Polysiphonta sp , Lyngbya aestuani and other 
blue-green algae Lyngbya ochiacia, the iron bacterium, and the 
deep water marine species of Diatom, Coscinodiscus ladiatus are 
not rarely found in the plankton collection of this nver The latter 
species perhaps found its access into the river drifted from the 
sea by high tide This Diatom has recently been collect- 

ed by Lt -Col R B Seymour Sewell, Director, Zoologi- 
cal Survey of India, at a depth of about 700 fathoms 
during his oceanographic survey m the Indian Ocean Of 
the algae of the waterfalls Batrachospermum species, Svodoha 
species — the two fresh water species of Rhodophyceae are 
common Recently the author has discovered a new species 
of Svodotta collected from the bed of a streamlet in the hills of 
Tenassenm, Mergui, South Burma These two algae growing 
on rocks and pebbles forming the beds of waterfalls and rapid 
hill streams are adapted to the strong currents of water flowing 
sometimes at a tremendous speed Of the Phanerogams the 
species of Podostemon aie frequently met with in similar habitats 
m the rapid current of the hill streams, cascades and waterfalls. 
Of the several Indian species of this genus, Podostemon Walhchii 
is the most common The hthophilous (rock-loving) plant shows 
extraordinary adaptations to its peculiar environments The chief 
factor against the growth of the plants m the rapid waters of hill 
streams, waterfalls and near the mouth of rivers is the want of 
photic factor, 1 e , absence of sufficient light in the water due to 
the presence of large amount of suspended impurities Moreover, 
the rapid current does not allow fruits, seeds and spores to settle 
down. In some cases near the sea the salinity also goes Against 
plant growth The rivers, streams, etc., however, play an, 
importnat part m the migiation of the plants by carrying along 
with the current of water, bulbs, fruits, seeds, spores, etc , to 
'different parts which under favourable conditions grow again The 
plants thus distributed by water are known to botanists as ‘Hydro- 
chores ’ The hot springs hardly sustain animal or plant life on 
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account of the high temperature of the water But Oscillatorias, 
Lyngbyas, Diatoms and Iron bactena have been collected by the 
writer from the edges and the beds of some of the hot springs in 
different parts of this country. 

Let us now pass on to the freshwater plants which are so 
plentiful m this country Anyone, even a casual rambler, walk- 
ing along the banks of a lake, a jhil, a tank, a pond, or a puddle, 
and observing plants and animals floating, swaying, dancing and 
playing m the water m their natural beauty, cannot but wonder at 
the marvels of pond-life, and will find m them “complete 
expression of the will of God m things created ” He will then 
surely try to peep into the secrets of ‘ ‘organic creation m the midst 
of which our lives are embedded 

In a lake such as the Loktak m the Manipur, Assam, or a 
stagnant jhil, tank, pond, etc , harbouring acquatic plants, 
several zones of vegetation can easily be 'distinguished In this 
country, there is a more or less uniformity m the mode of growth 
of aquatic plants in a water reservoir. The vegetation may vary 
only m details, number of individuals, luxuriance and specific 
representation, according to the climatic and edaphic factors pre- 
vailing m a particular locality The investigation of periodicity 
and distribution of these tires of vegetation m relation to 
the nutrients, temperature, light intensity, permeability and 
various other factors, has recently engaged the attention of the 
biologists all over the world I shall record here some of my 
observations on the interrelations of these different associations of 
vegetation mainly from flonstic aspect 

The common plant that we notice m tanks everywhere is 
Valhsneria spiralis a submerged acquatic plant , rooted at the 
bottom, with long ribbon-shaped green leaves V spiralis 
very frequently goes down to a considerable depth of water, 
and sometimes forms at the bottom more or less a pure asso- 
ciation This plant is dioecious, 1 e , male and female flowers 
are born on two separate individuals Towards the end of 
the cold weather, from Febiuary to April, the female plant shoots 
out a long threadlike stalk bearing at its apex the stigma or female 
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receptive spot The male flowers coming out of the sheath at the 
base of the plants are found floating in the water m large masses 
The male germ then reaches the female organ and fertilisation 
takes place resulting m seeds Species of Blyxa, characterised by 
similar long ribbon-shaped leaves, forms not rarely important 
bottom vegetation of lhils, khals, etc These Blyxa species seem 
to prefer Slightly brackish water Associated with these are not 
infrequent!} found Otteha ahsmoides, a similarly rooted plant 
with leaves having a long stalk and cordate or subcordate broadly 
elleptic lamina It bears a smgle white flower at the end of a long 
pedicel developing from the root-stock (stein) fixed m the muddy 
bed Along the edges of the tanks, ]hils, etc , associations of 
Polygonum glabrum . P orientate, Colocasia antiquorum, swamp- 
reeds and grasses especially Scirpus sp , ( Scirpus articulatus) 
Eleocharis plantagmca and others are common features In 
some of the lakes, ponds and tanks the species of the 
interesting algal genera Chara, Niiella and Tolypella form, 
up to a certain depth towards the sloping side on loose 
muddy soil, a carpet like association In the hot months 
before the rams they' fruit and in autumn renew' their life history 
Cf the rooted v'ater fern mention may be made of Isoetes sp , 
growing sometimes m association wnth the members of Characeae 
These associations along with other rooted aquatics growing on 
loose muddy' soil of the lakes, jhils, tanks and ponds may- 
very well be compared with the “Limraea-formation of Benthos 
of loose soil ” The other rooted submerged plants are species of 
the genera Potamogeion A ponogeton , members of Nym - 
phaeaceae — Nymphaea, ( Nymphaea lotus, N rubra, N stellata ) , 
Euryale, ( Euryale jerox), Nelumbium, ( N speciosum), Limnan- 
themum , (L cristatum, L indicum) Most of these are character- 
ised by leaves wnth very long stalks and large round blades which 
float on the surface cf w'ater These leaves generally come out of 
the stem w’hich are the creeping rhizomes embedded m the mud 
at the bottom of tanks, lakes, ponds, etc The flov'ers of these 
rooted aquatics home on long flowenng shoots are lifted above 
the water and open out m the air These submerged plants, as a 
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rule, are perennial and display a gregarious habit of growth They 
absorb food materials from the soil at the beds of water reservoirs 
more or less like those of the terrestrial plants , but differ, 
as usual with aquatic plants, in morphological, anatomical 
and physiological details , such as development of heterophylly, 
dearth of mechanical tissues, soft and pliable petiole, abundance of 
large air chambers, development of anthocyamn m the leaves and 
roots and so. on. These modified characters, unlike land plants, 
are due to the aquatic environments The rooted water plants 
reproduce both by their root stocks (rhizomes) and seeds The 
rooted aquatics mentioned above do not generally cause choking 
up of 'fairly deeper tanks, jhils and ponds, but m shallow pools 
and puddles having thick deposit of loose mud and silt, the Nym- 
phaeas , Nelumbiums and Euryale jerox play considerable part in 
covering up the stfrface of water with their broad leaf lamma 
especially before and after the rams. 

Apart from this bottom vegetation of larger aquatic Phanero- 
gams there is, on the muddy floor of tanks etc , a thin film of 
micro-organisms, composed of Diatoms, blue-green algae (Scfuzo- 
mycetes) and other allied vegetation of bacteria forming what may 
be called a vital layer These organisms are of great biological 
importance m disorganising the organic matters and converting 
them into suitable form of plant food for the taller permanently 
rooted aquatic plants mentioned above 

In a water reservoir, where aquatic plants are allowed to have 
free play one finds, other than these vital layer and zone of rooted 
aquatics, another zone of submerged plants which generally float 
m suspension under water Of such plants the most common 
species of our country are Hydnlla verticillata, Ceratophyllum 
demersum, Myrtophyllum tuberculatum, Lagarosiphori Rox- 
burghu, Najas indica, N foVeolata and the insectivorous bladder- 
worts — Utriculana flexuosa, U stellans and others These sub- 
merged suspended aquatic plants m old lakes, tanks, etc , often 
develop an impenetrable network of dense vegetation m the central 
column of water Some of these plants, e g Uinculanas, prefer 
to occupy the surface layer of water These plants, like other 
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water plants, propagate more rapidly by vegetative method of 
reproduction than by sexual method, that is by seeds which when 
mature drop on the mud and germinate These plants growing 
from seeds are at first attached to the mud during juvenile stages 
of their growth, but later on they dislodge themselves fiom the 
loose muddy laj'ei and float freely in suspension under water The 
fruits of Ceratophyllum demeisum are, like those of Trapa 
bispinosa and T. natans ( Pamfal ), furnished with three spmules at 
the three corners When they fah in the mud, they stick on to 
the soil and are not easily shifted by the movement of the water 
below During January and February and sometimes in March 
too, these plants flower and fruit and seeds are available from July 
to September and October During the cold season Utriculanas, 
Hydrilla Oeriicdiata, Ceratophyllum demasum and other sub- 
merged aquatic plants develop vegetatively by another kind of 
winter buds knows as “hibernacula” or “squamulae mtravagi- 
nales,” which also grow out into new plants, thus tiding over 
the unfavourable season These plants depend for their growth 
mostly upon the nutrient salts dissolved m the water But their 
occurrence in the middle zone deprive the rooted water plants below 
much of their light and oxygen The floating submerged 
acquatics harbour many epiphytic algae, especially Conjgatae, 
(Desmids), Oedogomaies, Ulotuchaies, Diatoms, Chaiacium and 
colonial members of Chlorococcales and Cyanophyceae, such 
as species of Scenedesmus, Pediasbum, Coelastrum, Ankistio- 
desmus, Oocystis, species of the family of Chioococaceae, 
Chamaesiphonaceae, Oscillatoriaceae, Rivulariaceae, Scytonema- 
taceae and others, some of which have been noted m the paper on 
the Algae of the Loktak lake by Dr Bruhl and the 
author The materials of this paper had been collected mostly from 
the aquatic vegetation of the Loktak lake chiefly composed of 
Ricciocaipus natans, Azolla pinnata, Salvmia natans and Utn- 
culana flexuosa floating on the surface, and Hydnlla Veitiallata 
and Ceratophyllum demersum, sometime associated with Tiapa 
natans , occi pymg the middle zone of the lake 

The suspended mass of vegetation gradually leads to a denser 
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surface vegetation, partly due to the stagnation of the water and 
partly to the supply of rich plant food m the form of dissolved salts 
The conversion of rotten vegetation and other organic matters into 
nutrient salts is entirely due to the activity of the putrefying bacteria 
and Schizomycetes of the vital layer at the bottom, where older 
portions of the vegetation and other organic matters continuously 
settle down There is thus a cycle of biological actions and 
reactions by which a lake, tank and pond are supplied with an 
inexhaustible store of food matenals for the growth of plant In 
such tanks there is frequently met with not only a rich Macro-phy- 
to-plankton (Macro-plankton is composed of a plankton flora whose 
members are visible to the naked eye) but also amphibious plants 
By amphibious plants here are meant marsh plants or those terres- 
trial plants which grow on moist soils along the edges of tanks and 
adapt themselves easily to aquatic comdtions The Macro-phyto- 
plankton of our country is mainly composed of the representatives 
of the family of Lemnaceae , of which Wolffia arrhiza is a very 
minute gregarious plant floating in water as green granules Of 
similar habit is Lemna polyrrhtza, L paucicostata and L trisulcOi 
which are characterised by their small, round or oval flat leaf-like 
shoots The aracious Pistia Stratiotes and pontederiacious Eidhhornia 
speciosa (the water-hyacinth) are larger members of the Phanero- 
gamic Macro-plankton flora The others belong to Hydroptendeae 
(the water-ferns), of which the rootless Salvmta natans, S cucullata 
and Azolla pinnata are quite common everywhere The largest fern 
associated with dense growth of aquatic Macro-plankton flora is the 
beautiful Ceratoptcns thahctroides A floating liverwort Ricciocar - 
pus natans recorded by S R Kashyap from the Dal Lake, 
Kashmir can also be reported here from the Loktak Lake The 
Macro-plakton formation may be composed of one or several asso- 
ciation, either mixed or pure Such an association constituting a 
dominant species is distinguished as Eichhomta association, 
Salvmta association, Lemna association, Azolla association, Wolffia 
association and so on A plant community constituting these asso- 
ciations is termed as ‘Hydrocharid’ formation or Pleuston 
Macro-plankton is synonymous to Warming’s Mega-plankton The 
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members of Mega-plankton, such as Eichhorma, Lemna, Wolffia 
and others are perennial and gregarious m their habit and this is 
due to their rapid vegetative growth In most of these genera 
sexual reproduction is inhibited or almost ceases Seeds of 
Eichhorma speciosa and sporocarps of Saloinia cucculata and S 
natans are, therefore, so very scarce 

Rich Macro-plankton flora by their enormous numbers choke 
up the surface of a tank, pond, jhil, etc , and m this manner helps 
the spread of amphibious plants, and we see very frequently the 
water-fern, Maisilea quadrifohata, creeping into the mat of Macro- 
plankton flora The amphibious Phanerogams commonly spread- 
ing over the Hydrochand formation of a stagnant lake, jhil or tank 
are Ipomoea reptans, Jussiaea repens, Polygonum onentale, 
Neptuma oleracea, Heipestis Monmeua, Colocasia antiquoium, 
Oenanthe hengalensis and grasses such as Hygrorhiza anstata, 
Leeisia hexandra, Pamcum muticum, Onza sahva (wild rice) and 
Panicum fiaVescens and others Pamcum muticum is a native of 
Africa but was introduced m 1 845 and is now wild m this country 
in ponds and ditches and marshy lands It is not infrequently used 
as fodder grass Panicum fiaVescens is a terrestrial grass introduced 
from Mauritius, but is now growing everywhere during the rains. 
Sometimes even ordinary climbers, such as the American weed 
Mikama scandens, and the climbing fern Lygodium japomcum and 
similar creepers and other trailers are found extending over the mass 
of surface vegetation In the Loktak Lake, Polygonum onentale 
and Oiyza satWa association, with their roots and stems interlocked 
by submerged plants, form the so-called “floating islands” of vege- 
tation as described by the late Dr N Annandale, F R S Some- 
times Trapa bispinosa and Trapa natans , the “singaia” plant aid 
in developing a more denser and firmer congestion 

The American plant Eichhorma speciosa demands special 
mention for its invasion of tanks, ponds, and pools, etc This 
plant encroaching upon rice fields and waterways m recent years 
has proved to be a serious menace destroying the economic re- 
sources of our country Its rapid reproduction vegetatively from 
the rhizome by means of effsets and also from seeds, as recently 
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discovered by Dr P Bruhl, Prof P Parija and Dr Agharkar, 
makes the question more complicated for eradication Its spread 
even in the Loktak Lake, choking up nearly the whole area, across 
the barrier of Naga Hill ranges can only be explained by the fact 
that it must have either been distributed there by human agency 
or by water buds The watei birds wading through and flying 
over the rice fields of Sylhet cross the valleys and the cultivated 
terraced hill slopes of the Naga Hills, and finally find their access 
into the Loktak Lake The birds evidently carry under their wings 
light seeds of water hyacinth These seeds under favourable con- 
ditions of the lake germinated, and by the rapid vegetative growth 
soon gained its supremacy over the indigenous flora of the 
lake 

In some of the jhils, tanks, ponds, etc , which have not been 
invaded by dense mass of Mega-plankton flora, another kind of 
plankton formation consisting of filamentous algae is commonly 
seen These algae are particularly predominant during spring and 
especially the hot months before the rams In this period, due to 
the activity of the repioductive process, energy is liberated, result- 
ing m the evolution of profuse gas bubbles and fragmentation of 
filaments These algae, therefore, break loose from the soft 
muddy soil and rise to the surface owing to the entanglement of the 
gas bubbles in their threads They thus float on the surface as 
huge frothy masses of threads giving shelter to smaller epiphitic 
blue-green, green and brown ( Diatom ) algae Smaller aquatic 
animals, such as worms, mollusca and others find suitable food and 
shelter m such floating masses of algae Somewhat similar condi- 
tions also prevail after the rams, during autumn and cold season, 
but not so much pronounced This period may be considered the 
vegetative period of these filamentous algae, when they develop 
from the resting spores, akmetes, gonldia, hormogones, etc Their 
activities at this time are to a greater extent confined to the 
bottom of the tanks, ponds, etc Such annual development of 
plankton constituting tangled masses of filamentous algal vegeta- 
tion forms what may be called “False plankton known to the 
biologists as “Tricho-plankton.’* The “Tricho-plankton’ of Our 
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country is chiefly composed of Oscillatona princeps, O tenuis, 
Lynghya aerugineo-caerulea, L majuscula, L subconfervoides , 
Tnbonema bombycinum, Cladophoia glomerata, Cladophora 
crispata , Hydiodictyon reticulatum , Pithophora ^euienszs, Spiro- 
gyra mtida, Spirogyia maxima, Oedogonium have, Zygnema 
sp , Mugotia sp The occurrence of Lynghya subconfervoides, 
Tnbonema bombycinum, Cladophora ciispata and species of 
Oedogonium m some of the tanks, ponds, and other water reser- 
voirs for several years as floating masses suggests their capacity of 
perenniation 

The different zones of aquatic vegetation m a lake, jhil, tank, 
pond and puddle sketched above, viz , the Amphibious vegetation 
and the Mega-plankton flora forming the surface vegetation , the 
submerged suspended vegetation of the central column of water , 
the Limnaea formation of ‘Benthos of loose soil’ along the sloping 
margins and shallower portions , the gross rooted aquatic and the 
vital layer on the loose muddy bottom may graphically be repre- 
sented m the following diagram (Plate XI) 

I have dealt so far with the vegetation in an undisturbed lake, 
tank, pond, etc , overgrown with vegetation in all the strata But 
in a reservoir of water where there is absence or dearth of submerged 
vegetation m the middle stratum, and entire absence of Macro- 
plankton flora another type of plankton flora is commonlv present 
The members of this plankton flora is visible under the microscope 
and cannot be easily seen with the naked eye Such a plankton 
formation is Mi cro-phy to -plankton Predominance of Micro- 
phyto-plankton is thus observed m tanks, ponds, etc , which have 
clean open surface It is particularly abundant where there is a 
sparse bottom vegetation of rooted aquatics and nearly entire 
absence of suspended submerged water plants The Micro-phyto- 
plankton are chiefly composed of umcellulai and colonial types of 
blue-green and green algae The Diatoms also play an important 
part Investigation of the periodicity of the Indian Limnoplankton 
(freshwater plankton) flora has very little been attempted A very 
brief account of the results of my investigations may not be out of 
place here For further information I refer the reader to my papers 
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on algological researches especially the series started in the Revue 
algologique under the heading “Census of Indian Algae 

The Micro-phyto-plankton of this warm country is not funda-* 
mentally different from those of the other warmer parts of the 
world Of the representatives of the Micro-phyto-plankton, the 
blue-green alga Clathrocystis aeruginosa is the most dominant 
species found all over the Indian Empire m lakes, tanks, pools 
and other water reservoirs floating m great abundance as minute 
blue-green granules This alga is not infrequently mixed up with 
other panklton species of Cyanophyceae, such as 'Microcystis 
jlosaquae, Anabaena jlosaquae, A - indica, Spiruhha major, 
S platensis Sometimes species of Cylindrospermum, C 
doryphorum, a new species described a few years ago by 
Dr Bruhl and the writer, has been observed m the beginning 
to be the only species composing the Micro-phyto-plankton 
m a tank Later on this species was -invaded by Clathrocystis 
aeiugmosa occupying mainly the surface and C doryphorum 
floating m a lower stratum Associated with these are sometimes 
found mucus nodules of Gloetrichia pisum and G natans These 
members of Nostocaceae are at first attached but later on found 
floating The green algae, such as Volvox aureus, Pandorma 
moium, Gomum pectoiale, Chlorella vulgaris, and zoospores of 
Ulotuchales floating m enormous numbers form either pure 
or mixed association Diatoms Synedra affims, and- -.its 

var jasciculata, S ulna, Melosira sp , Fragilana sp , Nitsfchta 
sp , and others, Desmids Cosmanum species, Clostenum 
species, Euastrum species, Xanthidium species, Staurastrum 
species , Scenedesmus Scenedesmus quadncauda, S prismticus, 
S biasihensis, S obtusus, S acummatus, Pediastrum Pedias- 
trum tetias, P duplex, with its var clathratum, Coelstnim 
cambncum , Ankistrodismus jalcatus and others, are the common 
constituents of Micro-plankton flora Both the unicellular and 
colonial members of the MiCro-phyto-plankton exhibit various 
peculiar adaptations for the purpose of floatation, locomotion and 
- absorption of food materials Mixed with these green algae are 
also found ciliated representatives of unicellular green algae 
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Dinoflagallata Of the Flagellates , Euglena is the most common 
in the lakes, tanks, and particularly m smaller pools and puddles 
where the water is rich m organic matters It is this organism that 
forms the thm green film on the surface of water so commonly 
seen m smaller water reservoirs especially before the rams during 
hot weather 1 he Euglena species commonly met with is, like 
others, very sensitive to light and friction Due to the variation m 
intensity of light the Euglenas change their colour from green to 
brownish red The green film — rei erred to above — composed of 
Euglena species ( E vmdis) is converted into red film due to the 
difference in degrees of luminosity m the Sun's rays Slight agi- 
tation, even the impact of the ram water, induces them to form 
cysts and sink down During unfavourable conditions they pass 
a dormant life m cysted stage Along with them and other green 
algae are frequently found Ceiatium species, Phacus species 
and the iron protozoon Arcella It may be mentioned, however, 
that of the green and blue-green Micro-phyto-planklon, (he blue- 
green algae and Euglenas are more prevalent m .this country due 
evidently to the abundance of organic contents in the waters - The 
blue-green algae also gam upper hand in the struggle for existence 
and soon replace the green ones, if they happen to invade a tank 
or pool already inhabited by green Micro-phyto-planhton 1 he 
green Micro-phyto-plankton commonly appears after the rams m 
autumn, and the blue-green occurs in greater profusion m spring 
and during hot months before or sometimes during the lams as 
well But during the rainy season it has been observed that some- 
times, owing to the ingress of silt-laden water m tanks, jhils, ponds, 
etc , spattering of the drops of ram or congestion of a large 
quantity of plankton algae in a small area, this plankton flora dies 
and decomposition sets m due to the activity of the putrefaction 
bacteria This results m the effusion of an unpleasant vegetable 
odour which is indeed very offensive when present m the water 
used for drinking and other household purposes The Micro- 
planktdn algae by their presence m great abundance imparts a 
definite blue-green, green and brownish red colour to an expanse 
of water which often attracts our attention They are, therefore, 
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generally known as the so-called “water-blooms” (water flowers) 
The different species of Micro-plankton fioia occurring m a reser- 
voir of water act as indicators of the different qualities of water 
These aglae are, therefore, sometimes designated as “Katharob” 
(algae of freshwater), “Mesosaprob” (algae of contaminated 
water) and “Polysaprob” (algae of foul water) 

The minute members of plankton algae which can pass 
through the meshes of a townet are further termed as Nanno- 
plankton Both Micro- and Nanno-phyto-plankton algae are very 
common m the Calcutta filterbeds Their rapid growth is an 
indication of the rich plant food dissolved in the water Some of 
the members of the Micro- and Nanno-plankton appear for a very 
short time, and suddenly disappear lasting sometimes only for a 
few hours Such algae are termed as “ephemerals” by Transeau 
The periodicity and life-history of the Micro- and Nanno-plankton 
of filterbeds is interesting and important from economic standpoint 
This might be dealt with m a subsequent paper The water of 
the filterbeds are supplied from the presettling tanks These feed- 
ing settling tanks of the filterbeds harbour a luxuriant stock of 
rooted aquatic and submerged vegetation nearly choking up the 
whole area in the manner described before This account for the 
rich organic contents of the water of the filterbeds The growth 
of the smaller members of Micro-phyto-plankton, as found m the 
filterbeds running for a few days, is interfered with by the deve- 
lopment of filamentous algae, such as Tnbonema bombycinum, 
Hydiodictyon reticulatum, Cladophoia cnspata, Zygnema species, 
Oedogomum species, Spvogyia species and others The most 
dominating species of algae are Tiebonema bombycinum, 
Hydrodictyon reticulatum and Cladophoia cnspata These algae 
at first grow on the beds of sand of the filterbeds, but later on dis- 
lodge from the bottom They then gradually rise to the surface 
due to the pressure exerted by the gas bubbles caught up in the 
entanglements of their threads and form the false plankton or 
‘Tncho-planktori’ as stated in the previous pages Of this Tncho- 
plankton’ formation when one dominant species forms more or less 
pure association, as frequently found m the filterbeds, they are 
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distinguished as a particular association of that species, such as 
Tnbonema association or Tnbonemetum, Hydrodictyonetum and 
Cladophoretum Thus floating in dense masses these filamentous 
algae finally choke up the entire bed T'his condition leads to 
serious damage of the beds due to fissures caused by the uplift of 
the algae breaking up the vital layer which is highly beneficial to 
filtration The large filamentous algae of ‘ T ri cho-pl ankton ’ harbour 
m its turn a huge stock of animal organisms by supplying food and 
shelter Among the animal organisms Crustacea, Mollusca, fTorm 
( Nematodes ) etc , by burrowing holes m the beds of the filterbeds 
destroy the vital layer and seriously interfere with the action of 
filtration Further their excrements and respiration disturb the bio- 
logical balance of the water of the filterbeds by inhibiting the self- 
punficatory action of the Micro-phyto-plankton The favourable 
action of^ the Micro-organisms of the vital layer of the filterbeds, 
and consequently the action of filtration is m this way considerably 
checked 

In stagnant lakes, ponds, etc , which harbour a nch sub- 
merged and surface vegetation the biological conditions of the 
water like those of chocked up filterbeds are also entirely upset 
The submerged vegetation under the screen of a dense surface 
vegetation gradually dies in the absence of light and oxygen 
They then settle down and rot at the bottom. The rooted members 
of the aquatic plants beneath, after mouldering to death under the 
double roof of surface and suspended vegetation, gradually de- 
compose The Micro-plankton, and m some cases the smaller 
members of Macro-plankton flora, are eliminated at the very outset, 
as they are unable to cope with the rapid growth of the larger 
members of Mega-plankton flora and amphibious plants forming 
the surface vegetation The water of such tanks and pools, thus 
devoid of light and oxygen, becomes surcharged with the excess of 
humic acid, carbonic acid and other injurious productions of putre- 
faction bacteria, such as ammonia, sulphuretted hydrogen, acetic 
acid, peptone and other various compounds of complicated 
structure The colour of the water of such tanks, ponds, etc , 
appears dark brown due to nch humus contents. Such unhealthy 
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condition of water is detrimental to all freshwater fauna. Conse- 
quently the edible fauna with others soon disappear for want:of 
food materials m the form of lower members of the animal king- 
dom such as Cyclops, Copepods, Rotifers, Paramycium, Amoeba 
and various others living on the Micro-phyto-plankton Their 
absence m such foul water is partly due to want of oxygen, illumi- 
nation and insanitation and partly to abundance of poisonous 
elements prevailing in such unhealthy waters The prevalence of 
fish mortality in jhils, tanks, ponds, etc , in this country causes great 
economic loss This phenomenon generally takes place during 
the hot days before the advent of the monsoon The cause of such 
fish mortality may perhaps be partly ascribed to the upsetting of the 
biological balance by the excess of aquatic vegetation m a jhil, tank 
or pond . _ - 

The great energy of the Micro-phyto-plankton, and the micro- 
organisms at the bottom, absorbing and utilising in vanous ways 
the diverse kinds of organic substances resulting m maintaining a 
biological balance m water, is generally spoken of as the i“self- 
purifymg” action of water. For the maintenance of the balance 
of self -purificatory action of water it is obvious that the lakes, tanks 
ponds, etc , must be devoid of surface vegetation, Macro-plankton 
flora and suspended submerged vegetation The rooted plants 
utilising the nutrients from the mud should be allowed to grow to 
a certain limit, as their existence is favourable to the development 
of Micro-phyto-plankton From my observation of Indian fresh- 
water vegetation, I am led to suppcit Raymond. Haines Pqnd’s 
modified formula of Kofoid for the development of Micro-phyto- 
plankton which runs as follows ‘ ‘ The amount of plankton .pro- 
duced by bodies of freshwater is, other things being equal, m some 
inverse ratio proportional to the amount of its gross non-rooted 
vegetation and m some direct ratio proportional to the amount of 
its gross rooted vegetation ’ ’ The Micro-phyto-plankton is the chief 
source of food for Rotifers and Crustaceas, which m their turn serve 
as food to smaller aquatic animals These are again devoured by 
larger fishes which finally form an important diet of human beings. 

In these days, when there is a cry everywhere for economic 
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return of scientific undertakings, and as the value of the results of 
scientific investigations and discoveries is sometimes estimated in 
rupees, annas and pies, I may be permitted to emphasise the great 
commercial importance of pisciculture m this country and parti- 
cularly in Bengal In Bengal there is an enormous field for scienti- 
fic cultivation of fishes which might result m an inestimable money 
value As some of the fishes feed on mosquito larvae, fish cultiva- 
tion is useful for antimalanological work too Scientific pisciculture 
leads to biological investigation In Europe and America it has 
attained a very high stage of advancement In our country we are 
still groping m the dark and speculating about its profit and loss 
Proper limnological researches require a team work of biologists, 
chemists and physicists The latter to study the plant food m the 
form of nutrient salts dissolved in the water, physicochemical condi- 
tions of varying changes under diverse conditions at different times 
of the year and so on Investigations of the relations be- 

tween plant and animal life, their periodicity and life-history 
and similar other problems should be tackled by biologists Our 
rivers hold potential treasures m sustaining various kinds of edible 
fauna Some of the most favourite fishes pass a particularly 
important period of their life-history m these rivers The 
rivers and streams also act as great migratory agents, and 
the biologists have to reveal the secrets of distribution of 
the flora and fauna and control their migration in our lakes, 
jhils, tanks, ponds etc The salvation of the country, therefore, 
partly lies m the development of enormous wealth of vegetable and 
animal resources of the land by modem scientific methods We 
should, therefore, spare no pains to gam advancement m the field 
of biology too Let us, therefore, proceed Via sacra m our attempt 
to peep into the secrets of Nature 
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EXPLANATION or PLATES lll-XI 
PLATE III 

Tig I Lamtnarta Cloustom (nftcr Drew) 

Fig 2 MacrocysUs pyrtfera (nftcr Skottsberp, Postels nnd Ruprecht) entire plnnt 
at'nchcd to the roil of the sen with the npicnl parts floating on the surface of 
the water (\V= surface of the water) 

Tig 3 A portion of the frond of Compsogpogon cocrulcus, x 100 

PLATE IV 

Fig 1 Gractlarta conjcrvoidcs, natural size 

Tig 2 Gractlarta conjcrvoidcs, fruiting specimen size 

Fig 3 Gractlarta conjcrvoidcs, part of the plant with the Cjstocnrp 

PLATE V 

Tig I (a) A male plnnt of Palhsncrta spiralis 
(b d) Different parts of the male flowers 
Fig 2 (a) A female plant of Valhsncria spiralis 

(b) Tetanic flower (All much reduced) 

PLATE VI 

1 Part of the plant showing the lenses nnd rootstock of Nymphaca rubra 

2 'l wo flowers 

3 Central part of the flower longitudinal!} dissected 

4 A fruit-transversclj cut (All much reduced) 

PLATE VII 

Fig 1 (a) A young vegetative shoot of Hydrtl'a vcrhcillata w ith the rootstock 

(b e) Different parts of the male flower 
Fig 2 (a) A flowering shoot of the female plant of Hydrtlla vcrttciUala 

(b) A female flower 

(c) A fruit showing the seeds (All reduced) 


Fig 

r.g 

Fig 

Tig 
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Fig 3 (a) Part of the shoot of Utricularta ffexuosa 

(b) An inflorescence 

(c) A bladder at the axil of a leaf 

(d e) Parts of the flowers showing the stamens, ovary and the fruit, transversely 
cut showing the seeds (All reduced) 

PLATE VIII 

Fig 1 Eichhomia speciosa (water hyacinth, a dwarfed form) with a young plant 
developing from the offset (Reduced) 

Fig 2 Salvima cuculata (Reduced) 

Fig 3 Pisha Stratiotes (Reduced) 

Fig 4 (a) Part of the shoot of Trapa bispinosa 

(b) part of the green filiform adventitious and normal roots 

(c) A small portion of the stem with part of the petiole, leaf and chlorophyl 

bearing filiform adventitious roots, (the so called stipules of Roxburgh 
and others) 

(d) a flower opened out 
(e f) Fruits (All reduced) 

Fig 5 Azolla pmnata (Reduced) 

Fig 6 Lcmna paucicostafa Slightly reduced 

Fig 7 Lenina polyrrhiza Slightly reduced 

Fig 8 Part of the frond of Nitella mirahihs, natural size 

PLATE IX 

Fig 1 Part of the thallus of Enicrotnorpha prolifera, x 10 

Fig 2 Part of the thallus of Enteromorpha mt"shnahs, (after Kutzing) 

Fig 3 Part of the filament of Lyngbya aeslaaru , x 1000 

Fig 4 (a) Filaments of Lyngbya oc hracea encrusted with iron hydroxide, x 650 

(b) Part of the filament with the sheath, x 650 

(c) Part of the filament treated with hydrochloric acid showing the cells, x 650 
Fig 5 Colonies of Clalhracystts aeruginosa, x 500 

Fig 6 Part of the filament of Anabaena flosaquae, x 500 
Fig 7 A single filament of Spiruhna major, x 1000 
Fig 8 Syndra afflnis, var fasciculate, x 1000 

Fig 9 (a) Gonium pectorals, a 16 celled colony, x 200 , 

(b) a four celled Colony, x 500 

Fig 10 Scendesmus quadrtcauda, a four celled colony, x 1000 

Fig 11 Ankistrodesmus falcatus, x 850 

Fig 12 Cosmanam granatum, x 500 

Fig 13 Pentum Li bellula, x 200 

Fig 14 Staurastrum mampurense, front view, x 950 
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The Doctrine of Symmetry in Chemistry and its 
Significance to Molecular Configuration 

Bawa Kaitar Singh (Cuttack) 


Among the ideas which have played an important role m 
science, the doctrine of symmetry may certainly be considered as 
one of the most remarkable and fruitful Its significance and 
value for the scientific description of the living and inani- 
mate matter has been recognised from early times 

The idea of symmetry resulted ongmally from a study of the 
geometrical forms of natural objects (1) In Biology, Haeckel was 
one of the first to understand the great value of the principle of 
symmetry for the description of plants and animals He drew 
attention to the symmetrical and highly aesthetic foims of lower 
being m his works on the “Radiolaries” and “ Kuntsfoi men der 
Natw ” In these studies the word “symmehy” was used to con- 
vey the idea of some kind of geometncal regularity, and of certain 
processes of repetition manifested m the external habits of natural 
objects The aesthetic factor implied in the mere repetition of a 
visual impression also led to the introduction of the principle of 
symmetry m decorative art and architecture 

The doctrine of symmetry also played an important part m 
the development of chemical science The principles and ideas 
which were gathered togethei under this doctrine found applica- 
tion m the elucidation of molecular configuration of chemical com- 
pounds Thus the laws which were found to hold good m the 
case of objects, which can be measured by oui visual apparatus, 
were also found applicable m the case of objects, the dimensions 
of which will most probably for ever remain beyond the scope of 
our direct observations 

Symmetrical objects may be defined as those which are similar 
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to themselves, or to their mirror-images m more than one way, 
because every object is equal to itself by mere identity They are 
superposable with their mirror-images A sphere is a good 
example of this class of objects There are other objects, like 
right and left hand, which do not fulfil these conditions They 
differ from their mirror-images m being non-superposable Such 
objects are called enantiomoi phous , and do not possess a centre 
of symmetry, an axis of symmetry, or a plane of symmetry ! 

The phenomenon of enantiomorphism and of enantio- 
morphous arrangement m space has played a great part in 
the development of our chemical ideas, and has enabled us to 
understand the configuration of chemical compounds It is pro- 
posed to treat this subject from a historical standpoint, and to 
indicate its significance to chemistry 

Our present conceptions of the structure and configuration of 
molecules are the result of much speculation and experimental in- 
vestigation during the last one hundred and twentyfive 
years The atomic theory of Dalton, enunciated in 1803, and 
the hypothesis of Avogadro formulated in 1813 were two great 
theoretical concepts which gave powerful stimulus to chemi- 
cal research and led to the association of a definite physical mean- 
ing with the idea of molecular composition The discovery of 
the Law of Isomorphism by E Mitscherhch m 1819 was of very 
great assistance in fixing the relative atomic weights of elements, 
and thus gave great stimulus to the development of atomic theory 
The discovery of the phenomenon of isomerism by Gay-Lussac 
in 1824 proved to be of immense value in the evolution of the 
theory of molecular stiucture of oigamc compounds The syn- 
thesis of urea by Wohler m 1828 — one of the first classical 
examples of organic products built up m the laboratory — broke 
down the distinction of a ‘vital joice’ in the chemistry of living 
and non-living matter The Theory of Radicals (1832) propound- 


i| 'The reverse of this proposition is, however, not true The absence of n centre of 
Sjmmctry, an axis of symmetry, or a plane of sjmmctn does not necessarily make .on 
object differ from its mirror image, or give rise to enantiomorphism 
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ed by Liebig and Wohler was the first attempt m gaming an insight 
into the structure of compounds This was followed by Dumas’ 
Theory of Types (1839) The theories of Radicals and Types 
were combined by Gerhardt and for ten years (1848-58) were the 
basis of all investigations in organic chemistry These theories, 
however, proved insufficient for the interpretation of a large 
number of facts relating to isomeric phenomenon collected under 
their impetus A further great advance was only made possible 
when Kekule in 1858 introduced into chemistry his doctrine of 
valency, and the law of the linking of atoms The conception of 
molecular constitution followed as a necessary corollary of this 
new doctrine, and led to clearer ideas about the constitution of 
chemical compounds by means of their graphic formulae 

Atomic Dissymmetry 

Once more the theoretical scheme proved insufficient to 
embrace all the known facts, until in 1874, Van’t Hoff (2) and Le 
Bel (3) independently demonstrated the all important part which 
molecular configuration plays in the interpretation of certain cases 
of isomerism in organic chemistry They ascribed the optical 
activity of organic compounds to the presence of one or more 
asymmetnc carbon atoms. 

Molecular Dissymmetry 

The introduction of the novel idea of molecular dissymmetry 
into chemistry was due to the discovery of two pairs of acids, which 
were destined to play an important part m the creation of the new 
science of stereochemistry, namely, racemic acid (Gay-Lussac, 
1826) isomeric with tartaric acid, and lactic acid (Scheele, 1780), 
isomeric with paralactic or sarcolactic acid This advance resulted 
from the crystallographic investigations of Pasteur (4) on the first 
pair of acids and their salts It was m 1848 that this brilliant 
young chemist, at the very beginning of his scientific career, made 
the epoch-making discovery that when sodium-ammonium 
racemate was crystallised from an aqueous solution at low 
temperature, it deposited two kinds of crystals, which were related 
to one another as an object is to its non-superposable mirror- 

44 
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image Both kinds showed similai hemihedral facets, but these 
were arranged in exactly opposite manner The solution of the 
salt with right hemihedral facets was dextro-rotatory, and that of 
the salt with left hemihedral character was laevo-rotatory to an 
equal extent Further on mixing these two solutions optical acti- 
vity disappeared The free acids liberated from both kinds of 
crystals, after careful selection, had the same composition as the 
racemic acid itself They also possessed equal and opposite rota- 
tion. When a mixture of equal weights of the two acids was crys- 
tallised, the product was identical with racemic acid Pasteur’s 
acute judgment at once led him to conclude that the molecules of 
two tartaric acids were the same in composition and structure, 
differing in spatial arrangement such that one was the enantio- 
moiph of the other This could be the case only if their configura- 
tions were tri-dimensional and were related to one another as an 
object is to its non-superposable mirror-.mage, owing to the 
existence of molecular dissymmetry The history of science has 
larely witnessed a discovery that has had such far reaching conse- 
quences m Physics and Chemistry as this one by Pasteur 

At the time of this discovery (1849) the theory of Kekule 
had not been advanced, and, therefore, it was not possible for Pas- 
teur to point out more precisely the spatial arrangement of the atoms 
in the molecules The insufficiency of two-dimensional formula 
of Kekule was gradually being lecogmsed, and other suggestions 
of three-dimensional models were now forthcoming In 1 869 
several chemists put forward spatial ideas Ladenberg’s prism 
formula for benzene (5) and its representation by six tetrahedrons 
by Rosentiehl clearly involved spatial considerations Wishcenus 
work (6) on the different modifications of lactic acid led him to 
explain their difference on spatial grounds By the year 1874 
sufficient material was ready to develop the broad outlines 
of chemistry in space It was, therefore, no mere coincidence that 
the conception of the asymmetric carbon atom was put forward 
independently by Le Bel and Van’t Hoff The time for this dis- 
covery was indeed so ripe that both of these discoverers would 
have had to yield priority to an Italian chemist, if it had not been that 
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one of the three dibromo-ethanes which Paterno (7) m 1 869 sought 
to explain by means of a three-dimensional carbon atom turned 
out to be non-existent The conception of atomic asymmetry has 
done great service in the development of stereochemistry, 
and optically active derivatives of not less than 1 8 elements other 
than carbon may be recorded as follows nitrogen (8 and 9), 
sulphur (10), selenium (11), tin (12), phosphorous (13), silicon (14), 
boron (15), arsenic (16), beryllium (17), zinc (17), copper 
(17), chromium, cobalt, ruthenium, rhodium, iridium, iron and 
platinum 

The doctrine of the asymmetric atom, as formulated by Van’t 
Hoff, involves two factors (i) the dissymmetric arrangement of 
the atoms or groups in the molecule, and (n) chemical differences 
m these atoms or groups Later research has shown that the view 
that both these factors should be present together to give rise to 
enantiomorphism is untenable It is possible to conceive of 
geometrical complexes and arrangements in space built up 
of identical parts or units, giving rise to configurations differing 
from their mirror-images In this case the "chemical contrast" 
between the substituents will be lacking Several instances 
of chemical molecules of this type are now known m which the 
optical activity must be ascribed to the dissymmetric arrangement 
m space of identical parts Werner (18) in his brilliant researches 
on the co-ordination compounds of the trivalent metals, Co, Cr, 
Pb, Fe, etc , having the co-ordination number six, and represented 
by the general formula Me [X" 3 ] R 3 m which X” is a bivalent 
radical cr group, has shown that these compounds can be resolved 
into two enantiomorphous isomers Notwithstanding the fact that 
the substituents which they contain are all identical, they possess 
enormous rotatory power, surpassing anything met with in carbon 
compounds [Singh (19)] The rotatory power of tri-d-hydroxy 
methylene camphor complex salt of trivalent cobalt (20) measured 
m methyl alcohol is enormous and is not less than —240,000°. 
Another remarkable compound, prepared by Jorgenson (21) and 
resolved by Werner (22) is the tri- (tetrammino-diol-cobaltic) 
cobaltic hexachloride, 
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Co 


(OH) 


(OH) 

in which the complex, 


Co (NH 3) 4 


,5 

(OH) 

(OH) 


Co 


Cl 6 

(m;3)4j 


evidently plays the same part as does the tri-hydroxy methylene 
camphor molecule in the foregoing compound, or the tri-ethyl ene- 
diamine molecule in the luteo salts The molecular rotatory power 
of the optically active form is not less than 47,600° for X 
= 5600 A. This compound is also of special theoretical interest, 
as it does not contain even a single carbon atom, and thus estab- 
lishes the fact that the presence of carbon derivatives m such com- 
plexes is not at all a necessary condition for the manifestation of 
high rotatory power If we examine the atomic arrangement of 
these molecules on Werner’s co-ordination theory it will be found 
that although they are composed of even identical units, 
and possess a rather highly symmetucal configuration, they are 
different from their mirror-images They can, therefore, exist m 
two enantiomorphously related isomers The enormous rotatory 
power, which they possess, must be attributed to the non-super- 
posable arrangement of the molecule as well as to the central 
metallic atom, and not to any chemical conti ast between the groups 
round the plunvalent atom These complex compounds of 
Werner vividly illustrate the inadequacy of the Van’t Hoff Theory 
of the asymmetric atom Their optical activity cannot be assigned 
specifically to any one asymmetric or dissymmetric atom m the 
molecule, but must be attributed to molecular dissymmetry Other 
examples of molecular dissymmetry which may be cited include 
the centro-asymmetric compound prepared by Perkin, Pope and 
Wallach (23) m 1909, namely, methyl cyclo-hexylidene acetic 
acid . 


H v CHg CHg x /C00H 

N c ^ 6 c ------- o' 

CHrf x CHg — CHg/ - H 
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A similar compound prepared by Mills and Bain (24) m the 
following year, is the ox me of cyclo-hexanone-carboxylic acid, 

H \ „/ CH 2- CH 2\„_ h /° H 


H \ c / CH 2 
COOH / ^CH E 


which owes its dissymmetry to the fact that the three bonds of the 
doubly linked nitrogen atom are not coplanar 

Another compound prepared by Mills and Nodder (25) m 
1921 is the keto-dilactone of benzophenone-tetracarboxylic acid, 


o— Co 


I 

Hooc-(^y c 

CO- o 



cooH 


in which the central atom of carbon is dissymmetric and not 
asymmetric All these compounds have been shown to exist in 
enantiomorphously related optically active forms 

The correlation of the property of optical activity with 
molecular dissymmetry by Pasteur has enabled the chemist 
to understand the properties of chemical molecules and 
to dep.ct their molecular structure m space It has brought out 
very realistically that the molecules, like other natural objects, have 
tri-dimensional configuration The idea is barely ninety years old, 
when Pasteur at the commencement of his brilliant scientific career, 
discovered those fundamental facts, which constitute the very 
foundation of modern stereochemistry 

The recognition of the phenomenon of enantiomorphism m 
natural objects, which can be brought under our direct measure- 
ment on account of their convenient size, resulted m their division 
into two groups — symmetric and dissymmetric The chemi- 
cal molecules, being of infinitesimally small size, could 
not be observed by these direct measurements The dis- 
covery of Biot (1815) that certain liquid organic sub- 
stances deflect the plane of polarised light, either to the 
right or to the left, was of far-reaching consequence The 
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conception of molecular dissymmetry, introduced by Pasteur 30 
years later, was the direct outcome of the capital discovery of the 
French physicist. It led him to conclude that the molecules of 
optically active substances, like the two optically active and 
opposite tartaric acids, exhibit enantiomorphism. It, therefore, 
followed that their configurations were tri-dimensional, and were 
related to one another as an object is to its non-superposable mirror- 
image, owing to the existence of molecular d’ssymmetry Chemi- 
cal molecules, like natural objects, could also be divided into two 
groups — symmetric and dissymmetric As dissymmetric mole- 
cules were shown to be tri-dimensional, it was natural to conclude 
that symmetric organic molecules, which do not show optical acti- 
vity and enantiomorphism, also possess a tri-dimensional con- 
figuration. In this way the idea of a tri-dimensional configura- 
tion came to be associated with the organic chemical molecule. 

The great significance of the doctrine of symmetry m chemistry 
is thus brought out when it is realised that by the application of the 
laws of symmetry it has been definitely established that the architec- 
ture of the chemical molecule is not planar, but tri-dimensional. 
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3^ ^\m\ sflsi C3ti>t3# <313 f%I TO31 3t3 31 i *n?tef*rc« 
^3jft3ft33 3^© 3^3 «jti®ri^ <£# 33 i si3HTOre>3 

^«r, *Hwt^f3 ^®t3l3 33# ^t3to 1^33 *if33t c i 3tsi C3W 
3t3 C3 S5t$T3l §l3t*TO &x& 3^t3 I ^t*K«R 

3 , ¥3Sf3tf©3 isif «Tte <333 efte 3fc erfa no 35e? 3ti3W- 
3^ 33, *1131 s?tetf33>f<$!;83 ^33 3^3^ ^rft*it^< l 3TOt 

§13HC33 3ftf%i tsl 3t3 

3*f33f3 <3t3 43$ 3t3'tG «ltC5 I 3^3tC3 CSJtffcft3l «tt*Ftl*f 
C*t3 CSrllf^m ‘stf^l C33 3331 3f3£s® 33<l >313 <31% 

warcft ^1^U*t 43#1 *tf% ^\tc^ i §t3tTO3re 3^133 C3^ 
C*TC3TC« *0 i*4 3f^3 331^ 53 I srttftWS C33 

c*rc*ffo e\U >*4 ^\tn i tsl stcto ^f^ 3 C3?r fmwnr© mt 

3t3 31 I fa$ *it®f1 ^StfTOlCSH C33 C3% i 

43# 3*t5lf33Sl ^lfwt3 33t 5$3t«, ^©tSl3 C33 C3l3l^ 1/ 5tSrt3 
3t^3 | ^ 3^3 C3 §l3T33Sf3tf53 3f%f% ^151^© 

C333 3t3f5 7\it I 

^tPHt ^333 «ft3l 3t3 i c*ff^5 vflT (spiral) 

3^ I *tt^n <4^ 33^C^ mfev, 3*11^ C^tl5Tt^t3 

tfreffc '*&$ I “*” C* l«i1 ^3 

t£l3^ ^33 %53 fwc^p, '&& W% §13# TOTCl 1^ 

3^5tf3^t3 (spiral nebula) ?n© C^t^W 1 ^ ^IWC^ ^131 

vfl^x ^\m\ f3^tT3t3 l 3^# 3^3^13# ^t3T3 33ft J 
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<srt*c K<t csrjtfW ^es^t *iR^ srai- 

*it«lq *il^slr em 3R31 3 t*R c^ 5 faWsj*tefi? 43$ 

^9 Rrs^rn Rs ^$13 c^^tw 
3C 5 i^ 33 i 4*wi% f%?i sftotwl 

l Et3t*|<Wtf5<t 5t3t*lE*t?l 33^5# -snf^ l %^m\ 

5^3fC5 <£& *l\ x l 1 ff^ ^1W1 

3ta1 fqqifas^ i 333 R 1 R& ^iiii? tw$ 4<k ^t^i .If 3tc*i1 

sftetfaqR *1*51^5 Vft R ^fw?! Ijfg3 ?jR^% | 

♦lift «f ^tts ^t5t^ <2ftq ^r ^ f?c^ jqfafqd ( 

^ ^* 1 ^ srtttwq 3 w 33 i §t 3 tw*ftf® 

^®l 3 t 3 *lfs &V 5 3^31 C 33 i C 3 33 ^ 

^tC31 CTO fisg^t I 

^ fa«5fgl& w 3f*nl to tRto $z\ <2tf * i TO 6 ! i 

®ic*r^ ^RtRto snr.*u?f62i toi to C3 wto^Ito 
3qj*&*J, 3TO^ ^3C3 3l ^\V5 TO^I 3"6TO I Tt'M 

TOHWre ilWf TOnl ^RtfsTO sjfen RTO 3 R^ I 

gate's? ^ihtoi 3ft3i toi cm c< i c^Rsf^k, tos 

— 3 to^ ^3, wj feftq 1 to^i 3 t 3 tc : 3 33^. ^^35?^ 3R \ 5 t 5 i 
<*&$ f 3Rif33l TO 1 c*itaw * <3TO cqnft "C3tn> 3^3 
^ 3 I 31 RTO wi TO 1 33iTO*i 3$ ^'Scff iftetfaql 

^3 ftcro w ^ifjjc^re 1 q$3tc3 ^ toIto <£&qi*t f\n- 

!35StQ C&RlC^tFTO 3t3tC3r ^Tf3f3 3t3tCS 1 ^ ^5iwa C* 13 

3 ^ 3 fcs 3R131 3 C 3 1 ♦ta^q ^ 

q?l?8 3TOF&1 <113*11 ^t3tW5 ^5 I m\ 9 tlC?t 

C3 ^3’JjtC'© «JtC*Tl >’ ^ 

C^^t*t I X 1C?7 f^3 3 R I 

^5tt?3 C^Jtf%3t 5f^3 r c2lf% f333 ♦ffW 

3t3l JsitR^r? '^fa3tl!3 I RR C3^3tC^r »2fc®x^ 

<%m cm^ ®iwc?3 b zktvvz 1 *tsl 
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The Indian Ideal of Cult tire 

J'l Sr, at Ct srn’fa Roy 

1 lie external culture of any people n> only an expression of 
the mental ideal behind it Geographic and economic environ* 
merit, psychic accidents, social constraint, the intermixture of races 
me! the contact of peoples and cultures and the imitative 
and borrowing propensities of man, — all these arc active in \nrjing 
degrees, either as stimuli or as methods m the total mental process 
that develops culture. I lie one fundamental fact in the evolution 
of culture is the continuous struggle, for satisfaction and achieve- 
ments, for self-realisation, of the human mind or the ‘social mind’ 
if that term mav be used, for all culture develops in society. 

At every step of cultural progress, the dynamic element would 
appear to be the ideal behind it 

In the earliest stage of culture of which we can form any idea, 
when primitive man lived almost on the animal plane and hs self- 
consciousness extended but little beyond bis animal nature, his 
ideal of life was only the search for physical sat sfactions He was 
still mainly a creature of nature and depended on his natural 
environment for the satisfaction of his needs. Although the gross 
needs and impulses of his animal nature engrossed his mind and 
absorbed h's energies, the idea of making himself master of lus 
climate in order to maintain life was perfoice pursued, and with 
the object of procuring food and shelter efficiently , families banded 
themselves into groups and, among some peoples, into clans 

The relatively most pr mitivc tribes such as the Veddns of 
Ceylon, the Mmkopis of the Andaman islands, and the Pvgmy 
tribes of the Malay Peninsula and Africa exhibit the earlier steps 
of advance from nature to culture, m such contrivances ns the cons- 
truction of their leafy wind-breaks to protect themselves from the 
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inclemencies of the weather or the manufacture of rude implements 
and weapons to procure and prepare food or defend themselves 
against enemies Essentially Tamasic, this primitive culture 
exhibits traces of a Rdjasic element as well 

When we pass from the primitive stage to the next higher 
stage of culture up to what is popularly known as ‘barbaric’ 
culture, the ideal still appears to be a gratification of the physical 
life, but the mental powers are requisitioned to contribute, — by 
invention, discovery and the practical application of gradually 
accumulated knowledge, — to the satisfaction of ever-increasing 
desires for physical comfort and h'appmess, leading to achieve- 
ments of a higher economical type through increased control of 
physical environment Although the ideal is still mainly that of 
mere domestic and economic human animal, the grossly per- 
ceptual world of primitive man is replaced partly by an ideational 
world Ideas, standards, values gradually accumulate and develop 
culture — the growing social and traditional heritage of the com- 
munity Bands or clans grouped themselves into tribes, and, m 
course of time, tribes grouped themselves into nations. Though 
the Tamasic and, next to it, the Rajas ic elements predominate m 
this culture, glimmerings of the Sattvic nature of man also appear 
In the civilized stage, the ideal gradually changes from a 
grossly commercial and economic to an intellectual, moral and 
spiritual one through increasing control not only over external 
nature but also over the lower nature of man himself Thus great 
developments m science and arts, as also in altruistic ideas and 
philanthropic and religious movements, and wider interests and 
higher ideals are the achievements of civilized man 

The Tamasic element has been brought more or less undei 
control, and the other two elements — the Sattvic and the Rajasic 
are mostly in evidence, and, as the tempei aments of the peoples 
concerned differ, either the Rajasic or the Sattvic element predo- 
minates among any particular people According as either the 
one or the other guna holds sway, the ideal varies, — the standard 
of intellectual, moral and spiritual values become different. 

( In Western countries generally, the standard of values is more 
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objective than subjective, more external than spiritual, more con- 
cerned with the senses than with the spirit, and material comfort 
and enjoyment is generally legal ded more as an end in itself than 
as a means 

In ancient India, the standard of values was internal not 
external, subjective not objective, intellectual and spiritual not physi- 
cal and material The ancient Hindu ideal of culture was the 
realisation of the divine in man The ancient Indian conception 
of human progress was “the inci easing manifestation of the spirit 
in the gradual perfecting of its vehicles of Mind and Body ’’ And 
the same traditional ideal is still cherished m modern India, 
although unfortunately no longer generally followed 

The embodiments of that ideal m ancient India were 
the Rishis of old Plain-living, and high-thinking, benevolence 
and beneficence to all was their rule of life The enlightenment 
of the intellect and the attainment of true knowledge through study 
and contemplation, the spiritual identification of the individual 
self with the universal self, an all-absorbing love for all that breathes 
and the dedication of one’s mental and physical energies 
and material resources to the service of man, — these were 
the methods by which the ancient Indian Rishis sought to attain 
the goal of self-realisation and to fulfil the meaning of life 

Nor were they unmindful of the necessity for progressive social 

adjustment to the changing conditions, and for assimilating all that 
is wholesome and helpful in the culture of other peoples with whom 
India might come m contact. 

So long as India generally kept to that ideal and her leaders 
and teachers exemplified that ideal completely m their lives, her 
people stood in the forefront of the nations of the world As that 
ideal began to grow dim and few followed m the footsteps of the 
venerable Rishis of old, India began to sink m the scale of nations. 

Even to this day, however, the tradition persists This is 

why even to this day the Sadhu and the Pandit - — the saint and 

the sage, to whatever race or caste they may belong, are more 
honoured and revered in India than the rich and the mighty Even 
m these degenerate days 6f India, some of her writers have written, 
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poets sung, and orators descanted on the beauty and necessity of 
the ancient Hindu ideal But what modern India has so 'long need- 
ed most are concrete embodiments of that ideal in actual life 
Such an ideal life modern India has found in Sir Prafulla’s 

This venerable Rishi of modern India, old m age and wisdom 
but young m heart and energy, combines in himself all that is good 
and noble m ancient Indian culture with the best elements 
of Western culture which fit m with his native culture This is 
why he is now the idol of Indian youth and has secured an abiding 
place m the hearts of all Indians, young and old 

A great scientist, a great educationist and inspiring teacher, 
a great industrial organizer, a great philanthropist and 
social worker, Sir Prafulla would be the pride of any country 
m the world But greater than his science, greater than 
his teaching, greater than his industrial achievement, greater than 
his philanthropy and social work is his life It is the life of an 
Indian Rishi of old — the ideal life of sweet simplicity and self- 
lessness, plain-living, high-thinking and good-doing, with which 
Sir PrafuJIa has enriched and illumined India He has 
translated into life the ancient Hindu ideal at a time when India 
has stood m greatest need of its revivification May Heaven spare 
him long to guide Imda towards her destined goal 1 
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A Peep into the Microscopic World 

B\ Harendianath Ray (Calcutta) 

(Plate, Xll-XY) 

The world that we see before us without the aid pf instru- 
ments of any type creates varieties of interest m us according to 
our own needs It cannot be gainsaid that it is this curious interest 
m the world around that has made man score high amongst other 
living beings on this earth Man’s cuiiosity has goaded him to 
probe into the mysteries of Nature, which far from giving us a 
clue as to her dignified niceties has led us into a realm from where 
one.- finds it painful to retreat So once being initiated into the 
virtuous methods of such findings one cannot but plunge heart 
and soul into the ocean of stupendous splendours of Nature, 
and enjoy the pleasure which is the sacred monopoly of a seeker 
of Truth Such were the impulses perhaps which forced Leewen- 
hoek, the great Dutch scientist during the earlier part of the 
seventeenth century, to devise a micioscope and under it examine 
the wonders of the invisible world Some of his observations stand 
unchallenged even to this day, inspite of the fact that modern 
methods are more sifting and tend to be scientifically precise I 
remember once our great scientist Sir Jagadis Chunder Bose say 
m one of his lectures “a drop of water and a compound microscope 
unfold the mysteries of Nature before our eyes ” Hundreds, 
thousands of them are there belonging to the microscopical world 
and perhaps it is beyond one’s imagination even to reflect how 
many times one has to come to this world to get acquainted with 
each and every one of them 1 therefore will let my readers know 
only that portion of the microscopical populace I have had 
special fortune to be acquainted with These are minute animal 
organisms called Protozoa. 
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Protozoa arc divided into four classes according to, broadly 
speaking, their method of locomotion and nutrition viz , Rhizopodn, 
Mastigophora, Cihata and Sporozoa, and it is only a fragmentary 
portion of parasitic mastigophora, sporozoa and parasitic abates 
that I propose to deal with m this article 

Mastigophora for all practical purposes can at once be divided 
into two groups — freehvmg forms, and the parasitic forms 
Again amongst the parasitic forms distinction is made between the 
haemoflagellates or blood flagellates well known examples of 
which are Kala-azar, Tropical sore m India and Sleeping sickness 
m Africa, and intestinal flagellates Some of these intestinal 
flagellates e g , Giardia and Chilomastix, when present m large 



Pig I — Pcnfcfric/iomonas ccni' oun Chctterjee Ra\ and Mitn X 1 SOU 

9 &. 10 represent rounded forms \Mth numerous chrornat c granule* 
Chr g are chromate granule* li to 15 represent the plnsmodiun stages 
M a 15 represent the flagella formed but not different ated 16 rep e'"nt' 
the flagella differentiated 17 to 20 represent minute organisms v.ith 6 free 
flagella (After Chattenee, Raa and Mitra 1926 Joa Dcpf Set Calcutta 

tol X) 
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numbers are said to produce pathogenic condition m human beings 
resulting in blood dysentery Besides these, other flagellates such 
as Peniatrichomonas bengalensis, Trichomonas homims, Embado - 
monas intestinahs , etc., are also to be met with m the human 
intestine Interest is also centered round similar forms encountered 
m lower animals, large number of invertebrates, fish, amphibians, 
reptiles, birds and mammals other than man So there is not one 
group of animal which is free from some kind of protozoan 
invasion Latecifcrous plants are also known to harbour a type 
of flagellate called Phytomonas. 1 

The common intestinal form — Trichomonas has been studied 
m our laboratory. Its method of multiplication m culture is some- 
what different from what has yet been described Chatterjee, Ray 
and Mitra 2 3 4 (see text fig 1 ) m Pentatnchomonas cams auri have 
pointed out that some of the individuals become very much enlarged 
with large numbers of chromatic granules m them and it is from 
such forms that amoeboid forms are budded off which ultimately 
develop into adults. Later on m 1929 Chatterjee, Das and Mitra a 
studied the method of multiplication m Pentatnchomonas 
bengalensis and a Trichomonas from Mabuia (a lizard) and here 
again somewhat similar results were obtained (see text fig 2), 
somatella formation as observed by Kofoid and Swezy 1 m some 
trichomonad flagellates has been shown to hold good to certain 
extent, the only difference being that organelles are developed after 

1 Only two species have been recorded from India by Row (Row 19)5, Trans 
Grant Coll Med Soc , Bombay), and it now awaits the attention of future workers to 
make a systematic survey of this group Hcmiptcrnn bugs that suck the juice of such 
plants are said to transfer these flagellates to them and in certain extreme cases are 
known to produce pathogenic conditions Great deal of controversy, however, is there 
regarding the mode of transference, and enthusiastic vvorkers arc suggeoted to take up 
this problem in India 

2 Chatterjee, Ray and IVhtra 1926 — Notes on Pentatnchomonas cams oun n sp , 
Jour Dept Sc i (Calcutta), vol 8 

3 Chatterjee, Das and Mitra 1929— On the method of multiplication of 
Pentatnchomonas and Trichomonas and the origin and development of their organnlles 
Jour Dept Sc i (Calcutta), vol 10 

4 Kofoid, C A and Swezy, O 1915 — Mitosis nrd multip'e fission m Trichomonad 
flagellates, Proc Amer Acad Arts and Sa , 51 
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the individual units have separated as amoeboid forms from the 
somatella Investigations on these lines are still going on m our 
laboratory and every time we culture trichomonas from any 
vertebrate host we come across “giant” forms full of chromatic 
granules and very minute amoeboid forms with just a trace of 
cnromatic line from which organelles are finally seen to develop 



Fig 2 — Diagrammatic representation of method of multiplication of Pentaincho 
monas bengalensts 

1, adult Pentatrichomonas , 2, rounded form of the same, 3, 4, 5 and 
6, ordinary method of multiplication by binary fission , 7, an individual 
after division , 3a, multiple division (somatella) , 4a, a somatella with a 
gemmule , 5a, a somatella with two gemmules, one in plasmodial stage and the 
other m flagellated stage , 6a, separation of the gemmules , 7a and 8, further 
stages m separation of gemmules, 9, 10, 11 and 12, separated individuals from 
the somatella developing into adult forms (After Chatterjee, Das and Mitra) 
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The cellulose eating termites or white ants have varieties of 
flagellates in their intestine and at present a systematic survey of 
their intestinal fauna is being made in our laboratory It may be 
remarked here that Cleveland’s experiments have proved these 
flagellates to be responsible for the digestion of cellulose m the 
intestine of termites 

Protozoa belonging to the class sporozoa are solely parasitic 
and produce resistant spores, except whole an intermediate host 
intervenes, e g , malaria parasite, m order to inflict fresh in- 
fection Broadly speaking sporozoa can be classed under two 
heads, Gregarmes and Coccidia Amongst Gregarmes again 
organisms can be classed under two subdivisions, (1) true Gregarmes 
or Eugregarines and (2) Schizogrcgarmes Eugregarmes are further 
divided into two tribes, (l) cephalme and (n) acephaline according to 
the presence or absence of an organ of attachment or epimerite at 
one end of the organism A number of cephalines were studied 
by Professor Mackinnon of King’s College, London, and the 
author’ 1 and varieties of epimerites in those forms (see PI XII, figs 
1 -7) have led them to suggest that these gregarmes form a hetero- 
genous group HcnUchelia thalassemae Mackmnon and Ray, 
from Thalassema neptuni Gartner, a marine worm, establishes its 
connection with the host cell in a manner which is quite unlike 
any other gregarme The infected host cell is bodily dragged out 
of the epithelial lining and serves the purpose of anchoring the 
parasite to the intestine of the host (see PI XII, fig 7) Again 
epimerite in Polyihabdma spionts is neither intracellular nor 
amoeboid as has been held by previous workers but is simply a 
means to hold on to the host cell A cephalme gregarme has been 
studied by the author jointly with Mr M Chakravarty (m press) 
and here too it has been pointed out that an epimerite, consisting 
of about eight pairs of prongs, is used as an organ to hold the 
host cell A veiy interesting thing has recently been noted by the 
author m Lardiestena cuhcis from a mosquito Aedes ( Stegomiya ) 

5 Mackinnon, D L and Ray, H N 1931 — Observations on Dicystid gregarmes from 
marine worms Quart Jour Micros Set , vol 74, 
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albopictus in. Calcutta — a gregarme at an early stage, if happens 
to come m contact with a cell with thin chitmous lmmg penetrates 
it bodily and grows mtracellurly while one coming m contact with 
thick and frilled chitmous lining grows extracellurly and develops 
an epimerite b Perhaps these few examples would be sufficient to 
convey to my readers an idea how these parasitic forms have their 
hosts m their “claws ’’ In acephahnes this organ is not marked 
The story does not end here They grow, m many cases at the 
expense of the tissue of the host, till they have attained maturity 
and then enter into the next phase of the life-history known as 
sporogony This stage is initiated by coming together of two 
mature forms, now called gametocytes Association is brought 
about m different ways in different gregannes — m Lecythion 
thalassemae Mack and Ray, and Hentscheha thalassemae 
Mack and Ray it is lateral (see PI XII, fig 8), in a greganne 
from a millipede recently studied by the author and Mr Chakra- 
varty (m press) the gametocytes interlock themselves by a couple 
of blunt pseudopodic processes formed at their hind ends for this 
purpose Again m many cases they come together by their 
anterior ends After the association is well established a protec- 
tive wall is secreted round them and the nucleus of each game- 
tocyte by repeated binary division gives rise to large number 
of nuclei which arrange themselves at periphery of their 
protoplasm Each of these nuclei surrounded with a portion 
of protoplasm, now called gametes, are budded off from 
each gametocyte and fuse in pairs In most gregannes 
gametes formed from one gametocyte cannot be distin- 
guished from that of the other Fusion between such 
gametes is known as isogamy But fusion between unequal 
gametes or amsogamy, which is the characteristic of Coccidia, is 
not altogether unknown m gregannes In two species of 
Stylorhynchus described by Leger and Duboscq,' one type of 

6 This work is under preparation and the details will soon he published 
elsewhere 

7 Leger and Duboscq 1904 — La reproduction feexuee chez les Stylorhynchus Arch, 
Ptot Bd , 4, 
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gamete called male is active and bears a flagellum at its hind end, 
while the other type or female is round and inactive In a greganne 
from Thalassema Mackmnon and Ray also noticed amsogamy 
but here the flagellum of a male gamete was placed at 
the anterior end, a feature which is m agreement with 
cases where amsogamy is the rule m sporozoa. Whatever 
may be the case, isogamy or amsogamy, gametes fuse in pairs com- 
pletely forming a zygote This is the beginning of the formation 
of resistant spores Each zygote secretes a protective covering and 
its nucleus, by three successive divisions, gives rise to eight nuclei 
These eight nuclei portion off a bit of protoplasm round each 
and assume sickle-shaped structures called sporozoites. The whole 
process, beginning from association to spore formation, is known 
by the term Sporogony Sporogony may either take place inside 
the intestine of the host or after association the gametocysts come 
out to the exterior with the excreta and develop spores there, pro- 
vided sufficient amount of moisture is present Spores are pro- 
duced m large numbers and are the infecting agents They, if 
happen to be swallowed by their hosts, burst in the intestinal canal, 
release the sporozoites, and start fresh infection It is interesting 
to find that the relation between the host and the parasite is specific 

It is a well established fact that the number of chromosomes in 
the nucleus for a particular species is always constant and where- 
ever sexual union occurs the gametes always contain half the 
normal or haploid number so that the offspring, which results from 
their union, comes to possess again the normal number. But in 
sporozoa, as far as it is known, a nucleus possesses haploid number 
throughout its existence, the normal number being restored only 
for a short time when the gametes fuse to form a zygote In a 
gregarine from Thalassema neptuni, Mackmnon and Ray have 
shown this to be true and the haploid number indicated there is 
three (see text fig 3A, a, b, c, d) Life-histories of malaria parasites, 
which belong to sporozoa, require re-investigation from this 
point of view 

Now to turn our attention to Schizogregarmes — they differ 
from other gregarmes in having a process of schizogony or asexual 
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mode of multiplication intercalated m their life-history It is for 
this reason alone that this group is considered to link Gregannes 



dee 
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Fig 3 — A, a, b, c and d, four stages m the division of nuclei in an older 
gametocyst From a section In two of the figures it can plainly be seen 
that the number of chromosomes at this stage is three X 2,100 
B living gametes a, flagellated male gametes , b, passive female 
gamete, c and d, copulae , e, ruptured sporocyst showing the eight 
“ sporozoites X 1,800 

with Coccidia although morphologically there is a great deal of 
difference between them While working in the Marine Biological 
Station, Plymouth, I came across a group of Schizogregarines which 
belong to the genus Selenidium s The genus Selemdium was 
founded by Giard m 1 864 for a greganne witb pendular movement 
found m the body cavity (later on shown by Caullery and MesniP 
to be m the intestine) of Nenne, an annelid worm Brasil 10 in 
1 907 further defined Selenidium as a Schizogregarme with 
intracellular schizogony and having longitudinal myonemes along 
the whole length of the vermiform body They are chiefly confined 

8 Ray, H N 1930 — Studies on some sporozoa in Polychaete worms, 1 Gregarmes 
of the genus Selenidium. Parasitology, vol 22 

9 Caullery and Mesnil 1899 — Quelques parasites internes des annehdes Trav 

Stat Zoology, Wimereux, 7 ~ 

10 Brasil 1907 • — Recherches sut le cycle evolutif des Selenidndae, gregarmes 
parasites des annehdes polychetes 1 La schizogome st la croissance des gametocytes 
chez Selerudium caiilleryi n sp , Arch Prot Bd , 8, 
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to the intestine of Annelid worms and are acephalmes, that is, do 
not possess any special organ of attachment I had the fortune 
to examine ten species of selemdium from different marine worms 
of which five were new to the science Only two species, S 
caulleryi and S mesnih (see PI XIII, fig 27) were found to 
conform strictly to the definition of the genus selemdium 
as defined by Brasil, while all others, as far as the author has been 
able to follow, are innocent of schizogony either extracellular or 
intracellular Regaidmg this the writer is of opinion that the 
development of schizogony is, m some way, definitely associated 
with increase in the intracellular habit If that be the case then S 
mesmli or S caulleryi which are intracellular for greater part of 
their life-histoiy are more specialised than selemdium from 
Scolelepis fuliginosa which, therefore, may be regarded as the more 
old-fashioned and the less specialised in their behaviour In all 
of them at all stages the presence of chromatic bodies has been 
indicated at the anterior end Those are usually thread-like, some- 
times club-shaped, but always of a definite type and length m any 
one species and usually pretty constant in number (see PI XIII 
figs 1 5-26) It is quite probable that the diagnostic value of these 
structures was not appreciated by the previous workers 

Association in these gregannes, as far as I have studied them, 
takes place by then posterior ends The nucleus of each game- 
tocyte behaves in a manner somewhat different from what has been 
described above — large number of nuclei are formed inside the 
mother nudlear membrane (see PI XIV fig 29), which after being 
fully formed travel towards the periphery (see PI XIII fig 28) 
This phenomenon has been seen to hold good m cases of Sclent- 
dium caulletyi Brasil, S spioms (Kolliker). S johatum Ray, S 
potamillae Mackmnon and Ray (in press), and Meroselenidium 
liedim Mackmnon and Ray (in press) 

Very little was known about the spore formation in selemdium 
till the author pointed out the method of obtaining them * About 
a dozen worms after being thoroughly cleaned were kept m sea- 


* For details see foot note 8. 
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water which was constantly aerated and within 48-60 hours game- 
tocysts were picked up from the debris surrounding the worms 
Spores of S sptoms and S joliatum from the marine worm 
Scolelepis juhginosa differ from each other m having four and eight 
sporozoites respectively (see FI XIV figs 30, 31) But as 
the number of sporozoites m a spore is generally considered a 
character of some importance m determining the affinities of 
sporozoa within a group, it has been suggested by the author that 
the genus selemdium may have to be subdivided on this ground, if 
on no other In a marine worm Potamilla remformis the author 
and Professor D L Mackmnon have elucidated the life-history 
of two gregarmes (m press) and there on this giound, besides other 
minor features, they have created a new genus Meroselemdium to 
receive one of them with spores containing innumerable sporo- 
zoites, while the other belonged to selemdium with four to ten 
sporozoites A thorough revision of this genus, however, is 
necessary before one can be definite about its relative affinities to 
other sporozoa 

In the intestine of Scolelepis juhginosa containing Selemdium 
spionis and Selemdium johatum the author came across 
another sporozoa which belonged to Coccidia The life- 
history of this coccidia was unfortunately mixed up with 
that of two selemdium found along with it by Caullery 
and Mesnil m 1901 11 About these selemdium they say, 
“La parasite mtracellulaire, d’abord en forme de croissant, prend 
peu a peu la forme spherique , en meme temps son noyau se multi- 
ple, la sphere se lesout en nu bardlet schematique de 7-8 ^ de 
hauteur et compose d’une douza'ne d’elements avec un petit rehquat 
polaire Les merozoites amsi formes se separent, tombent dans 
la luminaire de 1’ intestine, s’accolent par la pomte aux cellules 
mtestmales etcroissent en restant extracellulaire Nous avons suivi 
cette evolution en detail et sans Iacunes Cette observation 
confirm I’ existence de la schizogonie mtiacellulaire dans cette 


11 Caullery and Mesml 1901 — Le parasitisme mt-acellulaire et la multiplication 
aseKuee des gregarmes Compt Rend So c Bio? , Paris, vol 57 
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group des Gregarines ’ ’ Asexual method of multiplication - 
or schizogony is the ui/e amongst coccidia and it was this portion 
of the life-cycle which those authors considered to be the part of 
the history of selenidium It apparently never occurred to them 
that other sporozoa could also live side by side in the same host 
To receive this coccidian the author created a new genus Donsiella 
in 1930 and called it Donsiella scolelepidis 1 = 

The parasite grows 'intraccllulally (see PI XIV fig 32) and 
when it has attained a certain size its nucleus begins to divide, the 
result of which is the production of large number of small bodies 
called merozoites (see PI XIV figs 33-35) The host cell now 
gives way and the merozoites thus liberated in the lumen of the 
intestine attack fresh epithelial cells (see PI XIV fig 36) Some 
of these merozoites may repeat the schizogomc cycle while others 
become differentiated into macrogametocytes or females and mi- 
crogametocytes or males (see PI XV figs 37 and 38) At all stages 
of development a number of deeply staining granules can be dis- 
tinguished at the anterior pole of the parasite which the author is 
inclined to think to be of nuclear origin The females or macro- 
gametocytes after attaining certain size drop off the epithelial cells 
and repenetrate that portion of the gut epithelium where the male 
gametes are being developed (see PI XV figs 38 a, b c and 41) 
This is a very peculiar phenomenon, because m all other known 
coccidians the macrogametocytes are inert The formation of 
male gametes is initiated by schizogony of the microgametocytes 
(see PI XV figs 39 and 40) This is called microschizogony to 
distinguish it from macroschizogony or ordinary schizogony m this 
coccidia (described above) The resulting roicromerozoites are 
eight m number which soon break away from the mam mass and 
come to he at random in the epithelial cells (see PI XV figs 42 
and 43) The nuclear material or chromatin of these micromerozoites 
now become very loose and give rise to very minute bodies shown 
m PI XV fig 44 What actually is the process of fertilisation I 

12 Ray, H N 1930 — Studies on some sporozoa in Poljchaete \\orms ; 11 Donsiella 
scolelepidis n gen , n sp Parasitology, vol 22, 
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unfortunately cannot say but bodies shown in PI XV fig '*45* are 
perhaps swollen male gamefes which fuse with the female gamete 
nuclei and form zygote Here the haploid number of chromosomes 
is three - Oocyst or a protective covering, so characteristic of other 
coccidia, is not found m the present-case 1 he zygote now divides 
to form two sporoblasts within each of which develop eight 
sporozoites (see PI XV figs 47 and 48) All those processes take 
place within the host cell and that is perhaps why the oocyst- is 
not developed The parasitised host cell finally gives way and 
the mature spores are thus carried to the exterior with the faecal 
matter of the worm Large number of these worms live together 
m the -mud and their gregarious habit is responsible for heavy 
infection Coccidiosis or pathogenic conditions due to coccidia is 
not uncommon in poultry and domestic animals and a systematic 
account of such parasites would be of great help to poultry farms 
in our country " " 

Now I shall tell my readers something about Myxospondia' 
parasitic m fish, reptiles and amphibians which is of great economic 
importance from the point of view of pisciculture m our country 
In trying to make a systematic survey of myxospondia from local 
edible fishes the author came across several genera not recorded 
from India before (see “Nature” 1932 Vol 130, p 99) Gobrous 
rubicundus was found to be infested with a species of Ceratomyxa 
and under laboratory conditions this infection proved to be fatal. 
The author is inclined to think that m a confined area of water fish 
mortality due to myxosporidian infection is not altogether an 
impossibility Here too the infection is set up by spores, the size 
and shape of which vary in various groups The seat of infection , 
invariably, is the gall bladder but other organs are also subject to 
infection In extreme cases no organ is free from such invasion 
The spores are characterised by the presence of polar capsules m 
them, the number of which again varies with the group Ordinarily 
if a spore is swallowed by a host the sporoplasm, confined within 
it, is liberated by the bursting of the spore as a result of the action 
of the digestive juices Polar capsules respond quickly to this 
action by darting off -filaments by means of which the spore is 
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anchored to the host cell till the sporoplasm has got access to the 
epithelial cell of the host This sporoplasm gradually reaches its 
seat of infection and by repeated multiplication of its nuclei together 
with the increase in the amount of its protoplasm now assumes an 
amoeboid form called plasmodium By a series of complicated 
processes spores are formed in these plasmoda and ultimately 
released from the parent body Spores of the myxosporidia infest- 
ing the appendages of the digestive tract are expelled to the exterior 
with the faecal matter, while those attacking the kidney, generative 
organs follow the course of such organs, and again, those inhabit- 
ing the gill filaments are directly thrown mto the water, to bring 
about fresh infection It is quite apparent, therefore, that chances 
of spreading the infection is much more favourable m a confined 
area of water than in a lunmng stream Investigations on these 
parasites are now going on m the Zoological laboratory of the 
University of Calcutta, the results of which will soon be published 
elsewhere 

A few words about abates and 1 shall close Large number 
of these protozoa are free-living and are found in any stretch of 
water, starting from the Tala filter water tank down to sewer 
water one is apt to find some sort of ciliate there Again there 
are certain forms which are parasitic either m vertebrate or mverte- 
bate host Most dangerous of these parasitic forms is Balanti- 
dium coh which infests the human intestine and sometimes pro- 
duces ulceration m the large intestine Fortunately enough this 
parasite is not of very common occurrence in our country While 
examining the gut contents of frogs for such abates the author 
encountered a Balantidium with a boring apparatus situated at its 
anterior end In sections of the infected portions of the gut this 
apparatus was seen to be embedded m the epithelial lining It is 
by the activity of this borer that this abate produces a wound and 
feed on the red blood corpuscles which flow therefrom Now 
Balantidium has for a long time been known to be guilty of feed- 
ing on blood corpuscles and penetrating into the gut wall, 
but this is the first time that any mechanism to fulfil 
such a purpose has been discovered. 1 have called it Balanti- 
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dium sushiln and the details will soon appear elsewhere (m press) 
Since, I have examined several species of Balantidium from frogs 
and all of them are found to possess a boring apparatus at the 
anterior end It, therefore, appears that this structure is of a 
more common occurrence than thought to be, and it would certainly 
be interesting to see what the affairs are m the human Balantidium 

Above is, indeed, a very very fragmentary account of certain 
types of parasitic protozoa by whcih I have attempted to convey 
to my readers some idea as to how complexly they are organised 
and what world of mysteries are still there to be solved Things 
of economic importance to a biologist are not a “made to order” 
affair but are results of his laborious searches which may ultimately 
benefit the humanity But the vision of a seeker of Truth should 
be above all those things and go for Truth alone, and not after its 
applications. 


EXPLANATION OF PLATES XII-XV 

All figures in Plate XII are taken from Observations on Dicystid Gregarines from 
worms by D L Mackinnon and H N Ray, in Quart four Micros Set Vol 74, 1931, 
and m plates XU-XV they are from Studies on some sporozoa in Polychaete worms 
I Gregarines of the genus Selenidium, and II Dor's ella scolelep dis n gen , n sp in 
Parasitology , Vol 22 1930 In plates XI1I-XV, the magnification is 2100 unless 

otherwise mentioned 


Plate XII 

Fig 1 — Polyrhabdma spionis, Trophozoite Drawn from a smeai X 350 n var 

bifurcata 

Tig 2 — Polyrhabdma spionis Epimerite of the gregarine attached to the 
epithelium The nearer wall has been shaved away in the section 
X 1,400 n var bifurcata 
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3 — Polyrhabdma polydorac (?) Lpimcritc, allowing detail of structure 
X 1.400 

4 — Lccythton thalasscmac Mature trophozoite, attached to the epithelium 
Trom a section X 400 n gen » *sp 

5 — LccytJuon thalaiscmac Lpimcritc of a full grown grcgarine, greatly 
enlarged to show detail of structure Note the method of attachment to 
the epithelial cell (echo omitted) X 1,400 

6 — Hcnlschchn tlwla-scmac Mature trophozoite Torm a smear Note the 
intracellular epimerile X 350 

7 — Hcntschcha thalnsicmac Young intracellular trophozoite From a 

section Note the hypertrophy of the host cell and its projection into 

the lumen of the gut X 1,000 

8 — Hcntschcha thalasscmac As<-ociating gregarincs Note that one still 

retains its intracellular epimerile The nuclei are elongating Trom a 
smear (striations omitted) X 500 

Plate Xlll 

Fig 15 — Sclcnidtum caullcryi Brasil Young trophozoites Note the thread h) e 
structures at their anterior ends (Longitudinal striations arc only shown 
on one) 

Fig 16 — 5 mcsm/i Brasil A full grown trophozoite Note the club shaped in 
tracy toplnsnuc bodies at its anterior end Drawn from a smear fixed in 
Schaudinn s fluid 

Fig 17 — Sclenidium spioms (Kolhker) Young trophozoite Drawn from a smear 

Tig 18 — S spioms — only the anterior end of an adult shown 

Tig 19 — S /o/iolum n sp Young intracellular stage No'c the chromatic threads 
at the anterior end, which is directed towards tin base of the epithelial 
cell 

F.g 20 -S b rancluommatis Anterior end magnified to sho \ the chromatic thread 
like bodies 

Fig 21 — S sabcllac Anterior end of the same, showing ilie dark staining thread- 
like bodies in the cpimerite 

Fig 22 — i> tcrcbcllac Young trophozoite showing the threadlike structures 
Drawn from a smear 

Fig 23 — S allcm n sp Trophozoite (X 1000) 

Fig 24 — S allcm Anterior end of trophozoite (X 2100) 

Fig 25 — S allcm Young trophozoites Drawn from a section of the intestine of 
Branchiomma 

Tig 26 — S brasih Anterior end, showing the threadlike structures 

Fig 27 — S mesmh A schizont, avifh numerous nuclei Drawm from a section of 
the intestine of Myaicola infundibulum (X 500) 

Fig 28 — S, caullcryi Advanced gametocyst Note the outline of a parent nucleus 
which is still persisting Reconstructed from four sections 
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7/k - hufinit Pfio'o Engraving Co Cat 
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The Indian Photo Engraving Co Cat 
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The huf tall Photo Engraving Co Cat 
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Plate XIV 

Fig 29 —5 caulleryi Association The intracytoplasmic thread like structures a-c 
shown only m one of the pairs, while in the other the longitudinal stria- 
lions are indicated Note small spindle like bodies within one and 
vesicular bodies, the gamate nuclei in the other 
Fig 30 — S spionis A fully formed spore, with four sporozoites Note the residual 
mass of protoplasm and the refnngent area at one of the ends of the 
sporozoites Drawn from living material 

Fig 31 — S Johaium A fully developed spore Note the residual mass of proto 
plasm in its centre Drawns from living material 
Fig 32 — Schizonts of Dortsialla scoleleptdis Ray, m the epithel al cells of the 
intestine (a) young, (b) with two nuclei 

Fig 33 Schizont A nuclear spindle showing the V-sahped chromosomes at 
anaphase Eote the chromatic blob on one side of the spindle (X 4200) 
Fig 34 — Schizont with numerous nuclei Note the old chromatic granules lying 
towards the clearer end of the schizont 
Fig 35 — Group of macromerozoites 

Fig 36 — Macromerozoites escaping into the lumen of the gut (X 1000) 


Plate XV 

Fig 37 — Microschizont Note the "Waist and the vacuolar area behind the nucleus 
Fig 38 — Female parasite (a) free in the lumen of the gut and on its way to enter 
a cell, (b) entering an epithelial cell, (c) after entering the cell , note the 
tail like posterior end at this stage 

Fig 39 — A microschizont with eight nuclei Note the chromatic granules at the 
anterior end and the clear vacuolar area at the posterior X 2500 
Fig 40 — A group of micromerozites X 2500 

Fig 41 — Female parasite entering a cell containing a micromerozoite 
Fig 42 — Two micromerozoites, showing the nuclei with diffuse chromatin X 1600 
Fig 43 — A portion of the section of the wall showing three mature females and 
one micromerozoite (X 1050) 

Fig 44 — A portion of the section of the gut wall showing a group of microgametes 
and one female 

Fig 45 — Mature female gametoxytes containing peculiar bodies (* refers to the 
supposed microgametes in the neighbourhood of their nuclei) 

Fig 46 — Three microgametes (?) lying in vacuoles in front of a female 
Fig 47 — -Twin sporoblasts showing the nucleus at anaphase Note the equal distn 
bution of intracytoplasmic chromatic granules and the development of the 
spOrocysts 

Fig 48 — Fully formed spores with eight sporozoites One spore is shown m 
transverse section 
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India as known to Panini 

B\ Radha Kumud Mookcrji (Lucknow ) 


Pamni’s grammai throws some light on the history of its 
times His date was thought to be earlier than 700 B C by Gold- 
stuecker on the ground that he was acquainted only with the three 
Vedic Samhitas and the Nighantu (Yaska’s Nvutyta) Sir R G 
Bhandarkar was for the same date on the ground that Panini 
does not show much acquaintance with the Deccan According 
to Macdonell [India's Past, p 136], “the date of Panmi 
is usually assumed to be about 350 B C but the evidence for this 
is very doubtful it is perhaps safer to say that he lived after, pro- 
bably soon after, 500 B C 

Panmi’s geographical horizon extended to Kalinga [IV 1 , 
70] m the East, to Asmaka [IV 1, 173] in the South, to Smdh 
[IV 3,32] and the Cutch [IV 2, 133] in the West and to Taxila 
[IV 3, 93] and the Swat Valley [IV 2, 77] in the North-West 
The different regions or provinces were called Janapadas, of which 
he mentions 22, including Kekaya [VII 3, 2], Gandhara [IV 1, 
169], Kamboja [IV 1, 175], Madra [IV 2, 131], Avanti [IV 
1, 176], Kuru [IV 1, 172,2, 130], Silva [IV 1, 173], Kosala 
[IV 1, 171], Bharata [IV 2, 118, VIII 3, 74], Uslnara 
[IV 2, 118], Yaudheya [IV 1, 178], Vrji [IV 2, 131] and 
Magadha [IV 1, 170] Besides these, Panmi refers to Pracya 
Janapadas [IV 1, 178] or eastern provinces which, according to 
Kasi\a, comprised Pancala, Videha, Anga and Vanga. 

These states were named after then Ksatriya peoples [IV 
1, 168] Their Ksatriya rulers were called Janapadins [IV 3, 
100] The citizens of the same state or Janapada were called 
sajanapadah [VI, 3, 85] As the state was represented in the 
ruler, loyalty to the state was synonymous with loyalty to its ruler 
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[IV 3, 100] There was thus a lively sense of patriotism in those 
days 

The different Janapadas or states weie separated by well- 
defined boundaries [IV. 2, 124] 

Below the Janapada were administrate e divisions called 
Visaya [IV 2, 52], Nagaia and Grama A village was named 
after its Gramanj [V 2, 78] 

Panmi refers to Rgvcda [VI 3, 55], Samaveda [I 2, 34] 
and Yajurvcda [II 4, 4] , to the Slkala Sale ha of the Rgveda 
[IV 3, 128], its padapalha [VI I, 115] and lyamapalha [IV 
2, 61] and its divis’ons into suktas, odhyayas, and anuvakas [V 
2, 60] , to the Kathaka recension of the Black Yajurvcda [VII 4, 
38] 

He knows of Brnhmana works and refers to two containing 
30 and 40 adhjnj ns [V 1, 62] supposed by Keith to be the 
Aitarcja and Knusitnkl Brahmanas 

He mentions chhnndas works of Rsis like Titliri, Varatantu 
(w'hose disciple, Kausta, was of Yaska's time), Kasyapa and 
Kausika, Saunaka, of Katha and Charaka, Kalapi and Chhaga'm, 
of the pupils of Kalapi and Vaisampayana [IV 3, 101-109] 

As regards Sutras, lie know’s of Kalpa sutras [IV 3, 108] of 
ancient authors (puranaprokta) and mentions recem works 1’ke the 
Bhiksu sutras of Parasara and Karmanda and the Nata sutras of 
Silahn and Krsasva [IV 3, I 10 111] 

He knew' of a v’ide variety of scculai literature comprising 
dramas [eg, Sisul^randtya in IV 3, 88], Siokai [III 1, 25] 
Gathas, Katha [IV, 4, 102] or Mahdbhdi ala [VI 2, 38] 

He knew of the literature of Vydl^hyana or commentary such 
as works giving dcta'ls of puioddsa [IV 3, 70], grammatical 
works dealing with nouns (nama) and verbs [IV 3, 72] , chhandasa 
works and those called Aichd^a (relating to hymns) or Adhvauka 
(relating to sacrifices) 

All these various works are classified by Panini under (1) 
Drsla (revealed, l e Sruti) (2) Pioltfa (compiled or enounced, l e , 
secondary works) (3) Upajhata and Kita (originated and composed) 
and (4) V ydkhyana or explanatory works 
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The ceremony of initiation was called A chary a \aiana [I 3, 
36] . The pupil was called a chhatra because he was protected 
from all evil by his teacher [IV 4, 62]. Pupils of the same 
teacher were called satbthyas and sabi ahmacannas [VI 3, 86] 
They are named after their teachers e g , Pamniyas [VI 2, 36], 
or, after their subjects of study, such as Vedic Kratus, Ukthas and 
Sutras [IV 2, 59-60] 

The ordinary term for a teacher was Adhyapaka The 
specialist in Vedic recitation was called a Srotuya [V 2, 84] and 
m Vedic discourse and interpretation ( pravachana ) a Pravabta 
One charana might follow the system of recitation of another 
charana [II 4, 3] A teacher usually repeated the text five times 
A pupil learning it from a single recitation was called Ehasandha - 
grahi [V. 1 , 58] Pupils were graded according to the number 
of mistakes they committed in such Vedic recitation, the limit 
allowed for such mistakes being 14 [IV 4, 63-64] . 

Girls were admitted to Vedic schools or charanas A Kathi 
denoted the female student of the Katha school There were 
hostels for female students, called Chhatrisala [VI 2, 86] 

Each Chaiana had an inner circle of teachers and advanced 
scholars, which was called Pausad whose decision on doubts 
about readings and meanings of Vedic texts was binding on the 
Charana The Pratisakhya literature was the product of these 
Parisads 

Pamni gives evidence of advanced economic life He refers 
to the professions or unproductive occupations cabled Janapadi 
Vitti [IV. 1, 42] depending on pay for livelihood [vetanadibhyo 
fwati in IV 4, 12], as m government service Men m service 
were called Adhyafysas and Yultfas [IV 2, 66-67] There is 
mention of profession of arms [IV 4, 14] He also refers to 
labourers, Karmab.ara, employed on wages, Vitti [I 3, 36] under 
stipulated terms, pan\rayana [I 4, 44] Wages were paid both 
in cash and kind [II 2, 22], 

There is mention of trade and commerce, Kraya-Vikxaya [IV 
4, 3] And of the necessary money-lending [IV, 4, 

31] The rate of interest is stated to be 10% whereby ten 
rupees lent out were to return as eleven [II — ‘kusida dasaikada- 
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sat’] The debt was called after the month in which it was due 
for repayment [IV 3, 47], eg , A giahay aniJ^a [IV 3, 50] or 
Samvatsanka [ib ] and it could be repa’d m lend, e g , in barley 
[IV 3,48]. 

As regards agriculture, the plough was called hala, or slra 
[IV 3, 124] Methods of ploughing and of sowing are indicated 
[V. 4, 58, 1 59] . Crops were called after the name of the month 
in which they were sown [IV 3, 44-45] and fields after the name 
of the crop grown, e g , fields of vrihi (rice), sail, yava, sastika, 
tila, masa, urna (linseed), bhanga (hempen flex), etc [V 2, 2-4]. 
There is also a reference to uhc\a-vi tti , p.ckmg up grains from 
the fields by ascetics [IV 4, 32] . 

A variety of arts and crafts mentioned Weaving is implied 
m the terms gorii (sm^ll sack for carrying grain), aVaya, and 
praVam [V 4, 160] There is mention of cloth fresh from the 
loom — ‘tantrad acirapahrte’ [V 2, 70] Avaya is explained by 
Patanjali as the place where the weavers came and wove the cloth 
Wollen cloth is mentioned (urna) [IV 3, 158] There was also 
dyeing with indigo (nlla) [IV 1 , 42] laksa (shellac), and yellow 
ointment produced from potsherds and black mud (orocana) 
[IV 2, 2] The potter was called Kulala [IV 3, 118] The 
leatherei was known [V 1, 14-15] The fowlei was called 
Sa\um)ia and mention is made of hunting deer and fish [IV 4, 

35] 

Music was m vogue There is mention of players on 
mrdanga [IV 4, 85], maddu\a and jhai-jhaia [IV 4, 56] and 
of concerts, turyanga [II 2, 2] , of vocalists, gathakas, and 
dancers, nartak.as [III, 1, 145, 146] 

Crafts were organised m guilds , as indicated by a reference 
to a carpenter in the employ of the village community or working 
independently — grama-kautabhyam taksnah’ [V 4, 95] 

• Excise was a source of revenue, ayasthana [IV 3, 75] 
There are mentioned brewery (sundika) [IV 3, 76] and distillery 
(asuti) [V 2, 112] 

Various weights and measutes were known, such as khari 
[V 1, 33], patra [V 1, 40], vista (measure of length) [V 1, 
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31], satamana [V l, 27] adhaka [V. 1, 53], achita [IV 1, 
purusa (man’s height for measuring a ditch) [V 2, 38], dish and 
vitasti [VI. 2, 31 ] . 

The following coins were known m Panim’s time Karsa- 
pana [V 1, 29], niska [V 1, 20, 30], pana [V 1, 34], pada, 
masa [lb , V 4,1], and sana (a small copper coin) There is 
mention of striking or stamping of coins [V 2, 120] 

The growth of group-life, popular government, and democra- 
tic institutions is evidenced in the variety of terms recorded by 
Pamni to indicate their different types These terms may be ex- 
plained as follows 

1 Kula and Vamsa [II 1, 19] Kula is the family which 
continued for generations counts as a Vamsa But the vamsa may 
be based on relationship in blood as well as learning (vidya-yom- 
sambandha). 

2 ' 'Gob a [IV 1, 162-165] which is a group based on rela- 
tionship in blood and traced to a common ancestor after whom it 
is named Thus the Vatsa gotra founded by Vatsa will count Vatsi, 
his son, Vatsya, his grandson, and Vatsyajana, his great-grandson 
Similarly, the term sapinda includes six ancestors on the male side 
together with their descendants up to the sixth degree Pamni 
mentions the names of many old and famous Golras such as Atn, 
Bhrgu, Angiras and the like, most of which became extinct 
Sometimes, descendants become distinguished enough to found 
new Gotras, e g , Kapi and Bodha, who were descended from 
Angiras gotra [IV 1, 107] Some goiias might also derive from 
the mother where the father was unknown [IV 1, 14], or from 
a famous member, like the Maukhan dynasty from Mukhara, m 
which case the Gotra will be called GotraVayaVa [IV 1, 79] 

3 Charana [IV 3,104] It was a vedic school for the study 
of the particular Sakha or Tescension of the Veda which was 
taught by the teacher who founds the charana named after him 
His disciples might also be the founders of new charanas Thus 
Veda-Vyasa had his disciple Vaisampayana who arranged the 
Yajurveda and Vaisampayana had disciples like Arum and Kalapin, 
who themselves founded new schools 
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4 Samgha or Assembly, of which there were two classes, 
(1) Gana and (2) Nikaya [III 3, 42 86] 

The Nii^aya was a religious association in which there were 
no distinctions due to birth (anantai adhai ay a- samgha) 

The Gana was the political assembly or republic comprising 
all castes and a special governing caste of Ksatriyas technically 
called Rajanyas conseciated to rulership [VI 2, 34, and 
Kasifya’s gloss] Only Ksatriyas of the Rajanya rank could be 
on the governing body of the samgha or its Parliament In the 
samgha government, there were also parties called Vaigas [IV 3, 
64] named after their leader, e g , Vasudeva-vargya, Arjuna- 
vargya There was rivalry for power, dvanda [VI 2, 34] 
or x)yut-\ramanam [VIII, 1, 15] between the parties, as in the 
Andhaka-Vrishm Samgha Pamni lefers to individual samghas or 
republics like Ksudraka, Malava [IV 2, 45], or Yaudheya [V 
3, 117] and also to confederations of republics like the Tngarta 
Samgha of six republics [V 3, 116] or the Andhaka-Vrsm 
Samgha [V 3, 114], of which the federal executive was made 
up of the Rajanya 'leader of each constituent republic with his 
own following or vaiga, e g , Sim and Vasudeva, Svaphalka and 
Caitraka, or Akrura and Vasudeva with their rival Vaigas The 
Ksudraka and Malava Samghas had also a federal army called 
the Ksaudraka-Malavi-Sena 

The Samgha as a republic naturally comprised the whole 
population m all its castes admitted equally to its privileges A 
Brahmin and a Ksatriya member would, however, be differently 
designated from a Sudra member, eg, a Ksaudiak.a would 
denote a Brahmin or a Ksatriya, and Ksaudrakjya, a Sudra mem- 
ber of the Ksudraka (Greek Oxydrakai) republic 

The expression, chandaso mrmite, ‘passed or made by the 
free will of members,’ indicates that the Samgha performed its 
business m accordance with the votes of its members [IV 4, 93] . 
The Pah term for vote is also chanda 


* The best use of the political data of Pamni 


is to be found in Mr K P Jayaswal s 


well-known work on Hindu Polity 
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Puga or guild is sometimes [V. 3, 112] used in the sense of 
the village community under the Gramani. It was known for its 
corporate character or organisation [V, 2, 32] . Panim also tells of 
Kumara-pugas which were like juvenile associations 

The King had his Council or Parisat of which the members 
were called Pansadyas [IV 4, 44] The Pamal strengthened 
the position of the king who was then designated as Parisadvalah 
[V 2, 112] As regards government officers, the general term 
was yukta [VI 2, 66] The Head of a Department was called 
Adhyalisa [VI 2, 67] The officer-in-charge of rules and disci- 
pline was called Vamaytka, m charge of Law, Vyavahard^a, in 
charge of Ways and Means, or Finance, Oupayd^a [V 4, 34] . 



TOtTO TO I ITO fti! f%s! «KC*T TO 

ftfts <f^W<f TO, TO foftTO 3 ! TO TO^ C$ ^ CTO'S CTO 
C^TO TO§ f% ^T1 3^5 I && TO?! ^tt=T 'Q TO m TO 3 !! 

^tjc^ TOR <R TOtTO TO TO TO(W <i& TO *i?Mtf% I 
r! folk song -srtft o r^ rto ^ft=r ipr Rl to?t to ^iftftTO 

Rft\s ^3j <3fTO | csll TO 3 !’ TORI TO’ TOfftTO 

3tfTOft frcq c^im foft to ft i ^tTOTO to *m -toto 

^fTO Rpff TOtR Si’JlTO TOTO ! TOtTO CWTO RftjTO <tftTO 
CRTO ^ ’t^ft 3 ! 3tfJij TOCs TO I TOSS CTO'S Sftft 3 ! 

tftro, to ft’«n> 3T^9n toc& to ^f s TO ft^tftftf ri simto 
TO<2R R?t?^ S^TO 311 I ftiTOS? TOtiTO Sflft 3 ! ^fTOTO TO1 
CTO'S fro <JtsfftfTO ?1 TOtftrR IftTO ftTOt 3 ! C^^r^T CB^t TO ft I 

tf%TO TO1TO TOl 'S TOR, RTOtTO*! 
TORI TO i i£& Rm ?i$\ rjITO 3 *, to ^ r|rTO TOIr? 3 ! 
C?TO Fftdi TORTO 3 ! 3jft\5 TO TOt^ I 3Fft-5Ttf%^> #lTO^ ^ESTO 
^ftfl^l Rt^ 3 ! CR RR?| TO « <rft^5l ^ TO, CR^ft TO TO5 
C^I '6 $rt<TO TOTO TO I CR RR TO TOsI CTO’ TO f*M ftTO 
^StR ^ft^iH RRl CRCs TOR, f%^ 'St 3 ! ftsRRtR €tRCRR ftv» 

TOSR^ TO RRl TO R I cm 31^ R<R TOtTO TOTORR^ RR 
rr s& cRtRtRt RTOls ^il?:^ i cR^ftr tori Rtfro RtRtR 
RftTO rIr i cr? CR CTOlRt TOSS C?j^1 ^l 3 ! ^ i 

C * ll ^ft^ttlt C3*{ftTO CWC 3 ! <f 1<t v G <151 ^f 3 ! 'll | f%^ 

TO^I C^^f 3 ! ^f't® CB t^v5 TO’ TO fift 5llft 311 1 i£|?R ^1C3]^ 

"5lt^31 ^ C^tt 3 !!#! I3lt^5lvG TO3T 311 I TO*! 3 ! 

^i#^!: 3 ! TOtfS I ^t 3 !^ TOfT, ^^^1 
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TO 'G 'G OH ^U TO cwtft 

'sf'tTO I C^I ^rRtTO feWvR 9 lf?!^ W*f <S^ e l 

?r1 cto *ttR i to ^rttipi 

cwt« 9 it^i to, to <r ^ -sit^iTO i to *ito ypoftm svspita 

x I^ *f<5 5R*? ^f¥*5Ttf% fTO CW? TO <rfi>R 

^TOl, CTO TOtR3 ^tto fi^TO RT^K^l ?TTO 55 1*1 
TO TO CTO TO?? I C^Pl TOttfR TOTOt^st TO *?1 fewftSR 
CTO ^TOR R 9 |fTO TO TO TO, <®1 ^ 

CTOtf^t TOtR? TO l TOttfR #faCTO iTOU TO& *ilTO 

TO??t TO TOtTO TOtpR %3 *^TO ! 

TOrW CTO*t ’litsft^TO f% iTO faf&SJTO ftTO i TO CTf*? G 

RC*t *flTO TO$ f% Til «itf5[ m I GR ^ TO c i, ^ 

R TOtR? 35 rl?ft to fe^Rl i TO*? ^ TOTO * 13 ? 

fe^ls? TO1 TO’ OTftTO <2?JR to, ^TO to TO TO to 
Tp# *, TO^ TO1 TO?R *fTO TO C^tC^T, TOTO TO’ Ttto fto 

'n 

TOTO I fewTO TO? ^55, ^sfe TO1C*R TORR ^ <3TO 
'©Ito TO6§ I TOttfR TOG TO ^FpS 5»1^, R?d G ^ 1 

TOtw? few, to toic^r ?rto tor r*?t TOto 

^ I ¥ fTOttTO TO^llR TO TO TOR? TO^ TO , <3TO TOtTO 
gttoTO, to to> to> srotat to ij ^1 'G ^1?! i 
TOTO ^I^tfl, cn^’TI^'l I v£j^1 a itTO R 

TO*n TO ^RRftR^ Sff^s ^ I ^R fed, 

\j^ ^toiw ^ 9 t r <}55ft , c^i«rt 'G 5ji f*rw^ 

I ^ fe^7|^<J 7}^5f TO 

I ’ttl^ Tf^^5 9ftR^ I vf)-9ft®t? TO?? TO 

v G- 9 tt^R to<? ^tlR<? ejfrotfrsl ^r^sl i ^r<? 

<2?ffeRtf^t^1 CWC^fl I ?1W1?I ^1^1 c^?!^ ^ *Tfa 

^5^1 I ‘^’ ■5Tt^ ^^5 ^itG^ll ^t^I ^ll I 

^tf^I TOff C5?, OfC*R 9 t^l^tR<? hfs^I 

^ C^ft I ^t 5 ? 6 ! TOf^ C^l ^rRttfR ^“’R’srl R to C^ 5 ?^ 
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Srfcq 5q ft ! q=tq«i qpl 551, 'Sllqtwq & 5l*?t5Tl 

c?pl qq-qff c^Ti i -sirqqr q?i 'iln qiqtre •silqiwq qs^qtqq 
qsftefetqsi ftt*tq e>i« qrqftq i ^ qpftiqrtstq 
q« qcq ^qq^q 5R1 ^q^ <\-& I vfj^itR wft 

^Tfftqfctq qt^cq J «nT^l? i ^1 e csqfa strips ^fi, c^ti, 
^ft*ftc^tc^ 5t?t *= 1 3 ?C C IJ *lft f iT I ^fq C«lfs1 OHjTi ^ <fcqq 
qpftretSI CW& *5Jt5?e pftfW CqCs rrq I cq^tR cqv^S qteqi 


qfq ft" ^tw Pr •qtqc^ ^q *q qcq’ q;q qcq stq ^q 

I q| C? s l_rq 5 ? »i<I - c? ! f CH ^55,1 OT, c&In ?rq Titcq ^cq | 
t£f ^q^j^q qC^T -qtqRqq qf% T I Ji STP.VJ ^qq C33l«5f 


qc^ ■qiqic'tq *wq =sq csw 
q?^ fqrc i qivnqi -swsq 


frcq -nrq i cq ’jq J? ^q^qc^q 
cq *< * fq r aq qtf? , •qqqqq qqq? 


*miq ^q-qift *nq *mh 
757^i c & .cq- cqsq s^q i 


fq^tcq ftcqcs i *75 q^ qrsicq cqq 
ft-Tfa Tiq qj<? qjqqrt; 


qlcq.’ qtw q^.qq W qj'iH ^v; cqiqc cq* i qtcqq qn* iq 
ipl-ftq q?iq qqr ftw >sqq qqr.q ftqqi ^q-qift cqWl q<qn qr*tt* 
tc^ cv:q’ ecq’ qlC55 i -qq rq c^q ‘gr* cq'torwiftq -q^ 
ftcq’ Fqs. ^q; TC?’ SC^tT" I Jfts? ^q fqftjrq if|v5 

C^qjq ^C*~ qiftf qiq *JW I C5|q q»’q ^q S?fgT, ^ *Rj1q 
^qtfti,, ^qqijqift'q tftfqq cqi? cq’qq qcq <iif??ft?qq qalq 
sqw q^fq qg’fti ^’<1 fnq, ^si *5|qiq q e fql <rqi qqqq i 

cq ft?, cq qs^lT, q'iq qtTtwq ^i^iq ^niq ^q^r-uq^q q^ 


^gq?q ! q-? ^rs, q^^q‘<, q^iq i qrq 5q cqq ^qq fq^ fw 

^fq ft, viiqq xjipg fr^T^ "qjq qirq ql I qftl qC5f ^ 

i|ql fr qi, qiqq-^qft; ^ ^cq ^ qt^c^jq "q^^q wi t 


ftr ftrq ^uq-q qre, qqft ^?;qq q^, -q^Tlnq qr??, ^q «i ( qq^ 
ftft5i»1i:q ©«si^5!i 'SiT TSRvjeyrf ulrq^q ^ q r ?;q cq, ^t?1 ftcqcq 
qq yqq q^q’ cqq i q^tq ^cn cqlqiqiftq 5l^t cqqq ftfticq 

q-jq, qtcqq ^cq ft^tqq c^q^ ^itqlq q^c^^f^q cq^tcq 
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^ ^ TO1TO fof*r§T, TO1 c*h *itf^o, toto, 
i ^<$ 3 ? -s\fv fsrfrR i >rtf% toti, <5lfiTO tos 

toj c*r faf*t§j TOs, TO to *ifro ®rt'5 to ^tsftsrt croft 
<£ W l FTC 5^*1 3Pt C*rTO TO i ^ c^r ^ to TO TOft ‘ 5 TC*T» 
c^l^ c^it> ci?^ ^ ^sfr ^f%^, ^ toj i£tct^ 

^tis TOftfft ^iw ^'<i cto fro^— ^ toi§, 

TOC^ I ^ WC*ft ^*1 TO TO TO sflfTO C3 STttTO, CT ^TR 
fTO TO^F *tf?to53 TOT «R3ft C6§ft TOt^fft -TO 

TOre i *m TOtTO <5if<^t° x t n gft toITO *wt to 

^ ^tfro 'sd, to *t$ftftuftRi to cto «Vft ‘TO’ cto® 3if^ 
^ l c^tf® 7 ! 33F. TOft silk's 3?fa i TO^ <5 r*r ?IW^ 

TOl ^«R TO ^*tTO fTOS <5rtCTt5R I to crftTO 

c^ltf®^ TO? TO CTO CTO c^tt\®1 1 sftft TO caTOft 
TOft*i 1, TO1 *Hf\TOTrfti to *f tc^ft ctoI cto^I 
gfro <TO W.^® TOC®1, <TO ^ TOlftftl CSlWl? 
tfrfew TO C^C^ TO TO^si I <sfc TOr^I ^1?R ^tfro TO ^TO 
?rTO CTO ‘TO’ TOfc TO I 3Ttf% TOR TO, TOft TO 
TOTO *ttTOTO fro TO TO I TO* TO <eiT>t3 
TO C^Wl CTOfe ^ f^TOl f^t^l TO ^CTO 

*R 5jtf% C<® 13 (ftki CTO 

<5ilfa TO TOft Til ) 

^tfrf TO1 <TO TOTO foVi 

^ Tit'S <®tC^lT( ^CTO Til I 

TO1 #tTO^ C^ffTit-^tf^f c^tc^^ c^tc^ ^ 

'sck i t^cTO c^c^ ^ ^cs f^TO to 
^TO tW 5 ! TO TO I 

TOTl'S ^ CTO1 I ^ f^TitCTlI ^ TO3 ^tCTl? M 
cTO w*f ^tfro ^ ^Ttt^ toc^ i 

TOt^l ck§ , TO TOR ^1^5 C5ll C^ I -8 TOTlt^ CTOTO 

\ 



TOtTO "3S9 

<1RTI ^1 TO fTOR R *Mt#RTT C<TO ^tC*F CTR3 ?TC^ 
fi^S* *Rl TO 31 I 

*TO TO WRTO C5TI 3*R1 
retR fTO TO 
TO TOl R 

<tt^r fto TOr 3i «3^n 
c^tR TOto c*TO r ii 
=TO TO i 

cto ^tTO to cto i cTOr to’ sir? ‘to*i to’ fare 
cto i 31 TOffN 3?R froTO fro tor Tito ^tR i ^ 
cTOr 5, ^irf fro cto, s?rr carl's c?it fro% to 3tR§ i srTO 
rTO^i ^ite cto fcto mfr$t 

^jr ^Rrt*f i 

fro toir ^ 

TO TO*f to i 

CTO„ ^iTOI ^<R <2JtW «l1^f« fTO <R1*T ^5 ^ TOR 
C^ $TO ' Si^TOR to R fel CTO TOR, R TO ®rtRt€t, 
Si Bftf^f C*T I 

cTO rrtr^ TO r ^ 

CTO cTOr TO i 

TOTO <fSTI ^<3 31 Til ^6 

^ItTf *ft’R TO I 

TO R*ft f^Fg 5t^ C*T I <£RTO f®5rl fast's I CTOR 
$1^^ 5fi%^ f% 3*R1 C3^ ? ^<F|> TOtRT fa wfa ? <*R^ TO RR 
*R1 t®5l TO TO, TO faf 3TO Til I TOTTO ^ OIR, #Rr 

#r to c*r ^ifwTO w eiR*r to i to 3R to’ to i 

TOTO cto fto cto^i cto ?iTOfa to ^rfTT 
CTO W ‘m *ito’ TO, TO 51^J TO 5 CWTOTl TO ^CR <f^«! I 
®fRH TO, ^fl?ITO TO CTO^I TOR TO 7 ? TO1 TOTSSfl 
CW TO^ TO? STTO TO I 
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TO TO C*fTTO ft I <SlTO TO C<ft»T'G ^*TO 
31 ^TOt?! ^*ito ^1 TO TOto fTOTO ^I'FR 

TO^SR, TO ^#tf^N1 ^1 TOfTOl TO ^ WR (71 m^it^tfar 
TOR®i to ’pi ctoi to i wft toi cto srtoTO TO^ 
^ <<&{ staler sst^i CTO c*R w i TOfttfs TO cTO 
^>tto «i^rc*f sitc*R ^totore ^1 to cTO^ ?ttoTO fro <sjto 
to’ ^ftre TO TOtotra TO»t tora ^ i toto *pi toft 
*TOl i ^ TOftcft TO'q cto^i totot ri to TO 

to i from ^ (R, TO to £to c?fft ^«i-toi i 

^C^WOR TOJ W fto Chustmas Carol TO TO’ CTTOft 
•ftf% «Ttre, TOftil CTW *to^ ^1K3 TOft CSC*Rl m CTO ^ft*T 
TO* CTOt^l I *pTO TO TO'Si ^CTOf'® TOTO^ 

CTOlTft to^TOI ftto I ^ <R C^CTOt* TO 

sftto, ^1 ?R I TO *RTO CWC^TO CTOTO ^TOl 
TOtTO <R ftt^ TO TOl, to stffttfR Rl^sl ftto 

TOC^I I TOI TO to ^ CTO^l TO to TO cto CTO 

ftTOl, S5*ft TOft TOlTO *lTO ^ft TO CTOl I 
tor *r TOft c*r aito ?ito £}sto ®ro, *R*ttto 
<R TO^TOTO TO Rl ftf% <£RRi«1, ^1 ^tft <Rl i TOttfft 
ftn to cw to to TO to to^, TOftTO toto TOft froft 
TO*t ^fcTOJ i ^srtfsf eft cr TOTO3 croft < 2 tff% 

c*r ^ TOfi> to tod?, iR cwc^r ^it'Q^l TO 

^1 i c^r ^ ftto ^ c^c^f ^iTC5, TO cto 

=rl i c^r ^K^itTO c?fc ^i ^ , sjt^l 

^Ito ^ic^j to to^ 5 ^tof^iTO 'e cto%f£i^TO 

^5lTO R^IC® 4 «re*ffa TOCl I ^5J TOI 

tot^t^, TOi Rf? -9# Rwiwft ^ <-to 

^It 5 !^ TO ^f%^5 TO *TO I TOtTO C^C*1 ^ItC’f c^ 

^to TO to, <w f% ^1’ to ? to -stTO^ <ii aiiro 
^51 I TOtoTO CTO'S 
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TOTO *ITOS» CTOtffaiTO * 1 JTO CTOI TO 1 MtPl’ 1 w I 

TO^r ^iipi ^i etfrotffiTO ftTOTO *hpr 

45 c) <f£<j’ STO^TTO fro* f TO’ fitfsq I TOt^f^ f$*£ qmiPl 

^ TO^I ^ttW CTOTO TOtfsl 1 TOtTO TOW C^lTO ^pSl^l 

c^tTO cto ctoi TO ^toi c^it *rt^i to’ *p*psirei ^ftoi 

TO vii | 7}^t c^'Sfgr^tl'i to* g ^ 1% 3il, m ymz TOt? 

l *TOS?TO TO! CTO TO (W, WTO TO$> 'fitf? 3 ! TO^? £toj 

^cf TO 1 ^Mto foTO, c^j% to ^ to ctoI *nft<j >r#tc^ 'g 

1 ^tf^i cTOfs c*t ^fro TOto caTOI toto ^ f^ v TOi^Fl 

sitoTOI fk^ c^% 1 ^fro fl^cro ^TOTO Tot 1 

TfTO TO 3 ! 'GTO TO *£TO«f% TO TO’ TO1 TO1 I 

TOT WCTO 'GTO ^TOiTO f^W 5 ! , TOf g ^TOi ^t^fr^Tf TO TO TO 

^to ^ ^ifrotfrTO ctc^ toto ^frow TO 1 ^ ft 

*\ 

frftfsr <3T®W firTO GTO f£t*R I f^l *ptC«R TO ^si TO’ 
TO ^tCT TOW TOUT TOfl^TI ‘TfV T Tfw TO 3$ ^^gj 
C^T, v5rxs ‘^f^s’ ( impromptu ) TfTO 3 ! <TOTO ^1 1 ^tot 
i&m mi»t cro <jto <2j*r tot, •sw m 
TO CTO TO eiyJzH ftvs 1 4% ‘§CTO’ TOT ??TO <2}1%TO 

f^TtC*! TO ^JJTvSt I TfW *tCT 'G^t? 3J^t<5 4TSR t^TO 

?rt^ 1 1 ctTwi cttoi to 'gTO^ ?WTtTO tT®? ttoi 1 

c^r ^(t'i ^fr*ti toi, c^k ^t»i >rf?twj to’ 

fl?$ I ^3JV{ c^t^t^IG CTl^'G CW^ll CTO C<T 
'S^tff "51^5 ^1 ^&TO fk% I 

'G^tc^ ^F^ii ^w* ?rtc?i^ ^ cTOtTO? ^ 

TO* C^f% TO* 1 ^ TO TO TO1, 

5\5l CTO TO ^ ^ C^IC^I I ^ ^ITO I STO'fa'G 

«2|^ 'G^tW ^^I’Jfl ^J3| VRy | T\X?v\<5\ «1OT 

7f51^ ^ ^ I ^l^'l TO TO 3TTO^ I 

C3T w ^5tw cto, c^r «n®itsnf»r cwc^, ^ cto’ >it^<T 
f^ 3 ! TO TO1 1 
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«tc5tsRW fts 

Ofays’ <2tfe 

*r *tR Tomb ^p®i i <r *ito *\m^ ^ ^t^r -s^/r tR 
*tr i M^ ( c^i wi, toiRr < 2^^ *rtsr ^ 
eRre ^csrrRj i 

TO 5 J *tR 3 lt«ffa«|S 5 S T$% S»tR 551 • tri VG 

fro i imifaw fro^ ^R^fro trr^iw to i f*R$tfTO 3 itor 
TO’ C5T *R *fR SR ; <R xsTOYto I 

^lf*l TOfl stfl^erfa c?it«R ^ft<rR 
RtTO 5<R f^JpT I 
<2R{^ TO^I 7f<3#t, 

TOR 5fTO ^Ift, 

RR TO to^I ’ll 

TO CTORl %R f*f^ TOR (R% I 

TORra f*lTOt^ fim f*fTO TOtR TOT C5T TOfTO TOR, 
TO% ®?3f *R1, TO^ *R RTOtSR I TO TO \£& *f#R TO 
TO 5 ! C<T fTOR CTOMB Tl TO^5 *tlR, eg -silR £RI^ 

Wife I 

sp^saftal <4T *lf%R fTO TO CRRTt*! *!TO® TfR 

TO ?f5\5 5R1 1 5ff^<i TOR <2{&fTO ^tr^tRI RIRT cRtfa 

tot to r Q<f tojmb c*k <»ttRR to 51 ^tTO i ctRg s^toI 

C7\% TO^ 5r*2J <2ttTOT?1 cell's <R^ I TOS •5Rftt*TO ^ 

^Ife tot mb rtoi -sii r%, if\v§ ^tiR^rH 

CR I 

TOtTO -51OT ^Ri r*TO TOR T RTO TO 2l5fro 
TO5 i ^tg frTOT 9 ! 'TR i rR wiR, TOR, tR mb 
< jt^re ^cr toj toiRt "sstf^f -sites, 5ji ^<r£ •srRr^m 

WTl^ Rl TO’ TO I ‘TOR’ TOfiR ^*|f% TORI TOR TO 551 
r, r^I ^R ^^5 Rr s»R v re RrRri^i i ^(1^1 

<1^fRl, Mlt^, ^1^51 TTftfFR CSUm ^ §zn^} TO 
R^l, ^J-R'srf^ffil c^^l stRcjr ^t*1R - 
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to wire ^»to*R i to ^ 

ssjti^ to 5 ^ to s?to fto c*ft*R i ^ s’^1 \®r*rft siw 
ter i 

CfCcTtto*! ^t<f 3T#tv5 ^Rf% I c^fifTf 

tof3%^ 5|fa C*tCT ^=5<l W^, WSl ^C5IV)1 <^<f 

^ ftoi cxsto ^mm ‘^tfsf<[ to’ 

I 5ttfN to ?lito%<R 9fftSR ^l« ^ ^ 5tT*T ^ i 
^ 7f^< *n«ri yw.^ fsrc^T ^r *R7*rtc*r ^us^ \ 

*ftte to^r to ^c^toi ^ stfc*? w i 5iM 

*fatC^ WZ^f ^Ssl «lt?^1 I C*T©to to 3^1 ^P5l ! 

5ttf W Cto totfc ^ I 

^ to to to^i ^tosto to ii 
sfttett^ v£j<pS7^T tor^ *rto ferc I fto Bi^C«T 

Tt^T I *H93te to?f ?ito tolSsI I to <51^ W*! 

3tCto f*t$ SOS’ I ijWlfa tototo3 to^l I 

«sr^tif c*r, to*i tor fk% wtom^ ^ 

^tc*h c^to «iw fto to i to §totto =n crc* *rtfspTtt$E^ 
wtl tefl w?r , 9rtfe>rTO'Q to*F *q^to t^c*r i tore 
^to ?isar wm c*Kjc*rc re to st^re ^tre ftore, to ^i <to \ 
C*tto re C*R tire (to totore fare to:^J 
fto w^i c^ ^f%5 c*it*i cwc*i fto tei ^«r to to’ re 
totto tore tore i ^to totre re tore ^i ^ 
I to W vtw]ix f5|C^ ^>IC5R, ch n w cnc^JT 
cn «rt?i»rt^ to^ i ^ 

t%fv{ to 1 ? ^1 cw^ fwc^» ^^ 5 i , 

nm tew c^f, 'St^ c^i c^i^ 3t#t 

CW^ I 

Sffsifrft ^J% c<lw i ^ 'Q 

^?it ^ffic»pi i vi^ ’ittott^c^j ^i3ri i «?fwra 

f^to »n^ i wt ^t^i 

50 
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fTO wft?H *\V$ ^il^il ^Ic^l *?(lfs?~ 

^ttCTO^ TO1 -sfftft® ^TO3 I ^ CTO^ 5|lfepf 

Wlt« S’OTi I 

SftftR sfftg Sj'ft'S ^TO*^ 9fl<® ^t®Fl«Tl CTO 

I CTO 3 ^C*T TO *ttC5^ ! <5jgf^i <sjtMS C^tfal 

CTO 1 I WFWim ?1 ^JWi ^iTO, ft^tt^ S*TO 

^tFi^fr *m cspe*rl TO1 1 fflM^f^i TO ^fiFi^t ^tiro to ^tftTO 
TOftCTO, TO ftep? ^ ^tci i 

' “^ftTO y\ csto^ csto to c^tc^ i” " ' 

^1 “TO C^tfTO TO C3 TO 

«nft cTOfiTO fro i 
ftTO ^ c-ns 

f*R C<1CTO ^fsil fro l” 

<21^ *ttFre to ^ cTO*r, ^s wi^ w TO ^^1 TO i TOTO 

TOt*ft 'Sit? 'tSVVS TO C*T ! 

^C3T KTO TO 31 ^FTO J sftTO I 

^to<! to ^w cTO TO ft i ftro 3‘cTO ftmlTOi<^ 
TO ftw TOTO’S CTO ?jTO ^CTO <TO*t TO I 
^ fTO ^5 \TOlft^1 1 *S& TOWtftTO, WtTO CTO*fl I 

^w\ >6 to 'Srt^<ii c^rftrN I *-w fro cm ^ cto« 

‘5T^ WTtW %f ^1 I ftf fTO TOt^ TO^IITO ?t^<® 

^tore to wft i cn sttFrc ^’si=t wstfS to c*rei to i to 

feTO TO fif^-TOTO «Rp TO^ft^l TO TOt%TO I TO13 
CTOTO TO TO 'S TO ftc*m|f TO' TOTO i ‘c^ TO 
ftt?R TOV STO'tft ^TO TO*l1 ^1 ! 

sfTTO ^Z% C3* ft f^% TO fsi’SIWt^ | C^^R??1 4W 

>2{^t^ f%i ft i ^ft<rt^5 sre 

Jtfc^'c^ ’tt'G^I 1 ^ttisre ^ TO 

"m C\ ^l5fT«Tl CTO ‘nl^TO ■SIC^T ftc^ 

‘^tTOtV^ftc^ (rete«R ^ cto^i i fc$H 
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Sp#t<r, SfarW ^ 3t^T ^ TO 

C^R^I fTOE^I I faf*f§T TOS CW\^ 

'trc* ^ fwre tufa's ?it«rl «rtrf ^ to ^ i 

e|«®;rw fiar 



In Sir P C Ray- we have a representative of what is best m 
Eastern and Western civilisation He is a scientific chemist, at 
home among the most modern conceptions of the science, and by 
his own labours and those of his students, still continuing 
to advance our knowledge of the fundamental nature of chemical 
combination. 

At the same time, by his business acumen and energy he has 
been able from small beginnings to build up the most successful 
enterprise m manufacturing chemistry m India He may there- 
fore claim to be able to meet the active Western world on its own 
ground 

Having thus won by his own efforts personal freedom and a 
measure of wealth, he has chosen, not the path of ostentation or 
display, but of simplicity and charitable service In this he follows 
the best traditions of the East 

While his scientific and open mind refuses to support harmful 
or superstitious practices or beliefs, simply because they have the 
sanction of custom, he yet retains his affection for all that is wise 
and well-founded m the ancient religion of his forbears Thus he 
retains the respect of European and Indian alike 

All who know him will unite on this occasion of his 70th anni- 
versary m wishing him, with heartiest goodwill, every happiness 
in the years yet to come 


Gilbeit J Fowler 



Theories of Sex in Fungi 

Bv S R Bose (Calcutta) 


Sexuality of fungi in later years has attracted a good deal of 
attention of mycologists m various groups of fungi, It was 
Blakeslee (2) who first obtained experimental evidence for sexuality 
(heterothalhsm) m the Mucorales by isolating and growing single 
spore-cultures which by themselves produced only asexual spores, 
but which, when certain of them were mated together, produced 
lows of zygospores (fruit-bodies) along the line of union On this 
basis he assumed that the differentiation into two strains, as plus 
and minus ones, was indicative of a corresponding sexual 
difference, and that the two strains should be regarded respectively 
as male and female or vice versa This held good for the sexual 
condition m certain species of fungi. But m some of the 
Hymenomycetes it was shown by late Kmep (9) that the heterothal- 
hsm was quadripolar with four genotypically different kinds of 
spores. Thus arose the theory of multiple sexes As it appeared 
somewhat misleading to assume that there were four or possibly 
more than four sexes in the Hymenomycetes, it was thought that 
a much simpler and more workable hypothesis would be the con- 
ception of two sexes, each sex being determined by two pairs of 
factors and the inter-reaction of any two given haplonts being 
controlled by their genetical constitution These controlling 
factors Kmep (9) held to be positive sex factors, and Brunswik 
(3) held them to be negative sterility factois In the case of an 
Agaric Coprmus micaceus Vandendries (11) held that neither the 
theory of Kmep nor that of Brunswik could account for the 
interracial sterility of distant geographical races of the species , so 
he advanced the theory of sexual mutation (or mutation heterohomo- 
thallic) which is quite independent of external factors, such as 
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climate, latitude, habitat and other natural agents On the other 
hand, Hanna (7) working with different geographical races 
of Copnnus lagopus came to opposite conclusion, he found that 
when monosporous mycelia from different geographiacl races were 
paired, complete fertility (instead of sterility) was the rule Then, 
in Ushlago zea we have examples of saltation under cultural condi- 
tions giving rise to a large number of physiological forms , Stakman 
and Christensen (10) have isolated “from one line 220 mutants 
within a year, 162 of which were different From another line 70 
were obtained A few lines have never been observed to mutate, 
others have been grown in culture for long periods of time without 
mutating, then they suddenly began to mutate ” They hold that 
“variant sections or patches arise in monospondial lines, which 
appear to be haploid clones, the new characters persist through a 
sexual propagation, and there is evidence that at least some of 
them persist through sexual fusions The change, therefore, 
appears to be genotypic “ In 1930 G Wynne- Vaughan (5) working 
with Humana granulata tentatively put forward the theory 
of nutritive heterothallism not so far recorded m any other fungus 
The theory can best be summarised m her own words — “Suppose 
that the + mycelium be a saltant possessing as an herndtary 
character, the capacity of rapidly extracting from the substratum 
a food substance, A, essential to ascocarp formation, but is lack- 
ing, or weak, in the power to accumulate the equally necessary 
material B Suppose, similarly, that a strain can obtain B, but 
not A If two ( + ) or two ( — ) strains meet, the nutritive condi- 
tions for fruiting are not fulfilled, but, if — hyphae fuse with 
+ hyphae, all requirements are met, and a row of asco- 
carps is the result ’’ But Gregor (4) m her preliminary study of 
heterothallism in Cei atostomella plunannulata has recently report- 
ed that working under the hypothesis of nutritive heterothallism 
of G Wynne- Vaughan — that some nutritive substance might 
be found whose addition to the medium would stimulate the 
formation of spore-bearing perithecia m monosporous cultures — she 
added glycerine, glucose, raffinose, pepsin, calcium phosphate, 
^magnesium , sulphate and lrridiated ergoslerol in the form of 
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“Ostelm” to-f and - mycelia growing on 5% malt extract agar as 
a basis, but in each case she obtained only negative results La 1 93 1 
Hartman (8) propounded the theory of relative sexuality, accord- 
ing to which e\ery sexual cell is potentially bisexual and normally 
the dominant sex is determined by some internal factor, but if the 
realising factor is weak, then an external factor, such as proximity 
of another gamete of stronger sexual tendency, may actually deter- 
mine the behaviour, so that in this case we have a typical example 
of relative sexuality This is almost similar 10 Brunswik’s (3) hypo- 
thesis of heterothallism based on one or more self-stenhty factors. 
In June 1932 Ames (1) working with P lew age ansenna reported 
that the strains from its uninucleate spores are not heterothalhc 
strains, male and female respectively, but are harmaphroditic self- 
sterile strains, requiring cross-fertilization by compatible opposites 
for the production of mature fruit-bodies (penthecia) He found 
that each monosporous culture derived from uninucleate ascospores 
develops both male and female organs which are self-sterile, and 
that by compatible crosses it can be proved that each of the male 
and female organs are functional In a paper (6) published m 
July 1932 Gwynne-Vaughan holds that the thallus of Ascobolus 
magmficus is heterothalhc but monoecious, as all thalli are capable 
of bearing both male and female organs which are never self-fertile 
but cross-fertile — a view somewhat akin to idea of “herma- 
phroditic self-sterile” condition 

From a survey of all these theories the idea of potential 
bisexuality — hermaphroditic self-sterhe strains — advanced by Ames 
(1) seems very striking, although it has similarities with Hartman’s 
theory of relative sexuality and Brunswik’s hypothesis of hetero- 
thallism based on one or more self-sterility factors In the present 
state of knowledge, however, it would be safer not to form any 
decisive opinion until a larger number of species have been worked 
out from this standpoint of sexuality, and thereby sufficient data 
have been placed m our hands for the building up of a fairly stable 
theory 

My work with a large number of monosporous cultures 
(about 1,500 in number) and pairing of a number of 
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two monosporous cultures of Polyporus osierijormis Berk 
and Polystidus husuius Fries earned over for a period of 
about three years (the details of which will be published 'else- 
where) shows that both the species are strictly heterothallic and 
bisexual, m which spores from a single fruit-body fall into two 
groups and only two These two sexes seemed absolutely stable as 
they could not be changed by variations of external conditions nor by 
different kinds of media It is not improbable that the sexes 
of hard fungi like Polypores — the highest and the biggest 
forms among fungi regarding rigidity and solidarity — are stable and 
not easily interchangeable , m this respect Polypores would seem 
to resemble higher animals 
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Rt^ft ft^*tftlTO3 _<2}^ll^ 

*{TOf *RI^ ^jftl^ft 5$U5 *ftW ^ ^TOT C®)$ 'S 
ft W ^1 *lf«F5OT 

^ 'Sftim R^R c f1 ^1 ^ I 

^ft C^g 'Q ftffTO RRttfR *tfro 

Ww 3 * ffatro— 





gftFcTO0^c^5#a %: 1| 

'Sit^TO ftffit? RMUR ftl^c 


^lR^f ^ft TO 1 

- ftlfTO epfts "TtfireltSR ?WJ ?=Wi ft^® ^1 C*R 

*fV<^ «rt * ito1^1 < 2 ^ fftrets i <st^ *rat*te fttfTO^r *tft^ 
ftre f?(^1 *ftftl*rft2^ TOJ <3^51 T&WT ftt*iwf^T 

*Ffj ^ft^l ^ft ftrftcTO^— 


, ft?n?Timcfq i 

aqjFr^UT , 1 

sftft ^b %f^KTi^ ^2 II 1 
csttPFt^ ^fB«.t^» x f^f ^ftl cspW* wtw rITO *TMl 
$7&Z% ,— 5fl ttf*Rl ftftf^tW fTO 6 !*^ f^ffc qt^lTOW 
w ^rtw *rtisr ?kw^t *ft?TOj ffa Rf%^ wr*R ^ftrec^ i 
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caplsjj cq TO »fj|W C^t^ltClM ^ 3tW, fcfcta 
f*TCtTO— 

cj| 30 l^#^ qtfqai T^x^KT 

3acn7T%qqta: aShrureiMifo: 

sn^Tg wpfft'- qq: ?p n 
<t*r <5tiq*Pfqi *7f*w x itf^*rl£2J ^il^jf c^A^ 5 - 
*ftqlwR c x ri^l i x itf%*rtm ?iwj 

^tft cq capfatr qft ^f ^Wlq fefw q^qlreq, 
(yfe fesr^ qtf%^ tot qtfq ftqi sra^tq qf^rcc*,— 

-silqqfatq i 

cspft$q sqf^fq&liq , sif%«rfa^tqsfc e tq qwi m] qlq i 

W<frotqf*fatq - fafrqtc^i— "c#tsq^ csiWtatefforei 

< ®tf%f s t r «if%«rtw f*if*i® “caftan ( reieqq ) 

toot” i qj'toffstw*!, qftqfq ^lfaq\q cTfr^ <2|^5 
*rf^w?t f%^ cspWq curlew qf*Rl ffRl^q i 

qWT t sniper qfaqftiq l *lfofwiCTq 

ffa curlewq ftslq Tf^ql Off^ qqtl qlq c^, cq 

^ 9 l<R:q cqql^fatfs silf^tfa ^I^RtW , Cqq^fq? 
qt^qtq fq^qsr ^1 qqq c2j^j|q#f ^tc<r, fSrotas?^ 
«2?ratq w ^N^t x f ^tq, c*fe ql^srtOT 
curlew qj^ qftq 7 l «|fl %tqffq 

^-^ ? f «*lt^, *risfa ql^S^t qlql fqfei fc*igc*R €ta, 
(Wlromt qfta cqt^l^fl ar^fo ; s^lffqq qtfej 
<2(t^q qw qqq'G sststre cwqi qtq 1 < 4 ^ fq^w 4 
^tft qq, qt73 , x iqi^q (211^11^1, i£ffl*T 

1% q^1 c*iq ^>r$ ql ^kz^t ct ^qssq^ ^tfqqi fe*ffisK5 ^q i is^ 
C^ fq$SFEfq&gq hf%^J ^Z^Z^ qqq Wi, — qtqfqq ’itq’ta qr 

* gsfiftsjvS iilgsltJpr ^t*ir^Pif ^3 (Udaypur Sambat 1982), Vol I , p 71 1 

t Macdonel!, A, A t and Keithj A. B , Vedic [nde\ of Names and Subjects, Vol. 1 
(1912), p 198 
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'SjfaWW Stfeteq 4&44f4 ’fRre ^RtS fef®4l «!tOT I ffal’sHtt 
curlew 444 4t4C4W?£, 4^44^, ^s^qf^fK <% \w& 4q 4tf441 
R &34 TC4, ^*14 e ^f?tt44 4r4^t44 *iR&q ^tien! 414 i q-?f%4 

R^m^rntRs fk%?\ %& fa? R^i-^tq 9 JR?? , c=n 

R^ v c i 4(R, R^ z\vt^ Rn^clft -ri^3 f WvU 5SJtW<n*I 
^IgR 41*1 I 4C4 r5?cn, qSTU^4 4t*fJ, ‘I’SWCsFf ■5115^1^ cq 
■sirwit*R 4R4i 41 ct 41 i iqRiR frsK ^i^rr> 

^ircsiiw ^ii-ne^t^ q^ ^ciR* g\ f6^r *£& em » 

C4 ^42^ C4 ’41*4^14 4~14 ^ ^4ir 'JtrlCT “open lints” o 


sjotw, cq rriififare cq Rl>44 qrs “ficc-fiom-ucctls 

in.iuhcs” *»• ^t^jtTT 4ft s t”*s i 


TpK 5 ft 4 C 4 lV ’4 C 4 ft 3 rRi qR’lltf?, f 

4141^44 4 ft? * 5 jrp Tir*r;^ r*?»? C~’I 414 I C^H Rqi^qRs « 31 i^T- 
41 4 1 ftc*TC 4 K*i ,— 4414 ft ^ 5 l 4 414 qjq ^4 

tRmIC^ | JCl^C'T^ 44 J 5 iC*» 4 I?|q ft .115 rqj 414 C 4 5 <r ret 
cvw\g ?ftef%i; q^iq ft^qiq, c=; "4t Tt*?qi*i •sil^aw 4iftq^ 
?VT\?< W.Hl 4lft ft 41 ftqirqp I 7\Y‘WY[\W 41 ’Stir £44^4 C4'14C< 
TT 1 s 14 cafyp Wr/f 414 J 4 C 4 J *iK 4 l 414 41 I ftrsreqfttFq ftqtf 


curlew «2f*fl4T: cqq'TSl41 ‘‘httoiul species" qfti41 9|R55l^ . 414J- 
4551 4141^4 x I^C’Tnj4 4C41 W14 K^qt r C444 ?4i2q, ”ftefre 
cui1c\\-tc4irjiR 3 Rqiqc 4?R r .T ’’lie’ll ciqft ^q.r I q^FTi^q 

v£(t; R?-'< = 14 ^ 4 ^' ■qiR’ll 4 '*tt 4 4 HC 4 Ru 4 c ! TC 4 , < 314 ^ 4 lRi 4 lCq 

«IIT1W &3bV< 4R *5441 C4 5t (C'5l5*4^Nq4 RrifSjqtq 44 <5p3 S4 I 
■=i*$v £ 34 t*i^ cmleuCT qrfqqPrs RRi^qq'il^l^ 4 R 4 I 4t4j4? 
4*41 414 41 I MiipcCT ftss^ft* <34143". ft*11S4 3141 qfqql 4 c ff 
4 £44 I C4 ClU leu 4 *Tl4 W53 <3144^ 4 Re 7 ? 4RC4 ii PfW qtf44l 
414144C44 ’iR^q C44 1 Pl^t, l?jt4l, 4*l4ldl5l ^Ft4 ^4 414 1 
*®rt^ ^{ts 5 ?!, smlfRi ^ 04 ’ ?ftR^ *tt3»W3t ^1?J4 h x rR^tC44 
3 ?t4 , f44to1l4 C4 Cqt4‘l? , ^4 ^^41^ W5f ^ C 1 'S ’*1441:44 'sil^tWCT 


* Deunr, Douglas, The Common Birds of India, Vo! 1 , Pnrl II ( 1 92 =;)» p 38 
+ Raoul, Small Game Shooting in Bengal {1899), p 185 
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C«tt!K=T TO I 

%ER ^ ^tf*Pl1 *tf^J TOttJ sffft <f5FTO ^f?T 
5^5 &f®*(1 *itTO I ttS'fal fafN Wm affifa ^ITO, 
a fro«i ^f^rl f^tra* ^t5l * ^ ^ ^1 

"5(C*{ — “The. chief peculiarity of the Snipe is that 
it is rarely seen except by those who seek its destruction. 
It feeds m secret , where grass and rushes grow m soft mud 
or shallow water.” mi W, 4% f^F H v ® 

c»rfarF^ m w %f%m tot c'ntTO 

^tc*t i ^ ^55 

l v£& *sft\ IrotWfW snipers 

C^SR <Ff^1 ^srtc^lw -Slt^l ^1 *f3wt C^ta 5 ^ ^*1 

<^t«tt« ^i 

^tfr j^ptW *TC5f identify ^1 R«1 ? *R^5 

^fwi mt^lfl CH caft* C^TOI^ffa^ C#m^ 

SjVfa i «ri%«rn?i i ^ cq *m\ m 

mi to ^tot.cA^ **$ ~ 

3# 3^te; ^3|ts«r fs(tf#3*fn i 

#: S^ST #?[ II 

^TO tlTO fafTOmmkind of crane I ^ 

crane TOT ^tTO heion ^ilffC^ 

( ^iTO ^ ) \TO f I CSFfa tlTO 

C^lR” I TOTO CTO^ TOm 
t^tUSR fM> Pond-heron TO*I l ^TO .Paddy-bird 

<TOjt« mi TO ,— 4tTOTO TO^s »Rf^| TOPl i£& TOfasI 
I ^51 4CTW TOI^, TO^dTOIW ^tft,— ' SltU^tl^ 
TOtretTO toj, *rarc«rear «jtc5R «rlw isfare c*r <TO^ 

I CWC 1 ® C^r 

c^ ■sit^rtm . ^rt ,— fk% c^td. ^c 6 ! w 

* EH A i The Common, B rds of Bombi), Second Edition, p 167 
+ A »OT f^'Stfs^ "»11*tl^ ^sij” C^s?t^5f ft , i8>->8^ ^ti I 
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^ ^q, ^1 5^*1 3t5t^ 

stqtq <$^3i s ^qq^q^ift ^q“ q^fqqtw 3 $ to i 

c«q 'Q q=q$tfq tcfq f^q qtw , s?*it*iq qi s^i^fq 3^5 
qtw q<4s qfqre ^q qf%qi ^t^lq ^stq ^fq ’(fqq^qq 
£tcqt$R ^q 1 qq* fq?§ qfqtqq *ttft qq, ^tq^q# itf^ql 
* 1 ^ q|^3 $q qi 1 *rfacroq qc5f fq^q q^cqiq toq 
fq^r^fqq srteq * fqpqqqft^ <?fqqt^q,— “Its especial food 
is crabs, for which it watches patiently, either m the water 
or m the fields, and especially on the small raised bunds or 
divisions between rice-fields ” qtq^qwq q^qy C#t5qq> filtq^ 
fq{%^tcq ^q^tq to , qt<R q^q qttqt qttqr 

^fqi^ qt'Qql qtq 1 qqq cqqq'G switf fqre ql qft ^qttw 

cqfisq^ ^tfqqi ^q, ^tstqi fq^g ^q^tqq qtqj qtq£ qjqqtq 
qtfqql ^iq^lq ?iq 1 ^qfw h^tfqq^ t ssisttqq q<ql ^fqqt^q 
“like rows of miniature sentinels” qf^q^q i 2 f^qtq qtfq I 
qsfqqfq^ “c^V^qt^Mfi^” *ttfaqt3)rTOiq ^*tj <*r*tq cq*t ^qq^q qql 
qtq 1 qt^fqq^ qtq cqtq ^q <&\m qtql^q qfqqt^q 

^qq qfq'scqq q«ii *rN qt^ 1 *fqt3 cq ^cqkq 
^tqql cqfqre ^qtq ^tq^ TOq?fc fq^ fqqtw qjfqtro 



fqf?q qq^qq: qfqqt qqqq 
sftfq qrdqqqqtqfqqfqqfq?q: 11 


q^TO'jqNqfsi^ qft ^qq^fro qqfq 5 ® ,— 3 tetq ^qcw 
fW 'Q qtqqqq^ qfcqt^ , qtq^q ^t^tq qtf&qtql sq^^q qtqi 
fqqft® q^fqcTO 1 4^1 ^tqstqq ^*fj ^ f&fsn® ^q_ qi^, 

« The Birds of India, Vol 111 (1864', p. 751. 

f Cunnigtum, Lt -Colonel D D, Son; Indian Friends and Acquaintances 
(1903), p 16$ 
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tori »itei 


^ s?tf^%i7i ^fari cw\ ^tq*tj^ i fare, n '<$ « 

^s fare ^s c^ Tfterej to ^1 1 

"^^tw^sRreW. *tfwtTOts cmif ^yzq <^to ^\^\ 

^ cmr^t ^i|f ^rt c^r, 'Q TO^q 

^fwtfafrore ,— c^h srtfa fa to. sstsi fai^ ^n m ^11 1 
TOreftq cwfa 

?ftft^n ti^ct: fatffat wsfad: i 
^n Mqt %\m\ JT£: q>K«^: II 

*l1"51 trI , 

if^t^M3 fa*tq *ifa*l ^faTO Vll I TO tfl 5!TO qt5l 

^f^qtci.q, ^fal TO ^favafa | ^faTO^TflTO TO&t^T 

Tjfafatq ^fac^pt #3^ ^fa 5 ^, — ‘a sort of duck’ Msfaf^ 
toFto*i i ^prc,* ?ifafa t m 3 ^^jt^t<p cTO^ i 

<TOK^I faw fa$f <£TO ^ <HT^ fafTO f^tqtc^— ‘a sort of duck* I 

WR—' ; ‘TO'Q^<p?is” | *SR 

^f%?TO{ “W” *Ff TO —$*1 44 °s ^t^f TO^TO^ 

faf*J^ ^TO, toITO^ ^<TO I 4Ss$fa Cfffal 

TOtTO TO R, TOMR TOFKTO, TOtr$ 

TOreq TO«i TO1 ^fa® to 1 ^z^ §fafa wqtTOi TOto ^t< 
faFiTO^— 'TO'ST* ^^TOtTOr” TOH mssto TOTO4 

fafa^ C vV[ 41 TOTO *TO 1 SstTOJ 4<?|vs 44 *n ^TOttTO TO 
tomh TOfqc*re qfaql ^TO >r 1 fa^ 4^*t 4fai fai ^ 
^ Tifa 44 8 s TO** TO1 llfxs <stTO TOTO4 ^ 

TOr^ ^Itl%q1 TO 1 f^f^T C^t^l t&Vq ^ f^rt^Sf ®?lfd 

Tii, r^ 1 I ( ^u^i 

“^1^^: ^^^^1 ^jt^s 1 ^q° N f 1 cw^fl 

* A Dictionary in Sanskrit and English (1874) 
t A Sanskrit English Dictionary (1899), P 2 74 

} Dictionary of the Sanskrit Language by Umura Smgha (1S91), p 134 
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C3 43\ 3jt3 I ft^Sf- 

fW f3Ffa 3*1%^ C<t31 3t3 C3 4^ 33^ Wl 3\OT3 

m ! Anatidce 3tt*t3 3C3T 3t?Tt3l 3t$?S\3 43^ 3 ^ 

3^31 *\fkf&5, *tfw$f3* f^f*ll ®PSF*tl3Fte 3f33l 

43fl> | ^13 43^ s^Vt 

^ic^t 3f3, 333*1 7jt^^*o ^ qt^t 4wc x i' 1*133^3 c&tr*r ^us 

^t5t3l 4^t Anatince 3tft I ^ft 5 - Ansennm 

^3 ft*t3 31^*11 ^f33^3 3 ^ 33 ^ $t5tOT3 3^3- 43^ F3 

*\ 

3jT? *, F^3 sjfFflK f<U: x l33iE 9 l ^ 43^ <5# ^ 

3^31 333ff% 3t3*t 3f33ll^ I Anatimc f335f^3t3 ftfasi 

^usTR-vf <£f*r<s 43^ uji^i, %f *[°<*\ <33^ i 

3’t33 f^i ^5 3Ft3p^a <ff^i^i tI^'G 33 %$r& 5ii i 

^5t3 ^<33 W 3rf33tl; 3S3 33 ^C33t^ F)333333 c l 

“ 333 ^,” ‘ 333 ^” £f<?f®3trej3 <£iwt^ 35f33it33 i ttpra *n ^tsi3 

OT<:33 ftf 33 511 I 334 3*3 31 Anatidcs 3*^33 

133^313 FfF3<: e r3 f»is f*R # fa^w 9 ! fi! 9 ^ 3*f33tt;33 . 

^sl3l 'tfe^—Jhll of medium length or slioit, usually broad, 

coveied with skin instead of horn, except at the tip ( which 

forms the so-called “nail” ) and furnished at the edges with 

homy ridges or “teeth”, '« ** feet with the shanks of medium 

length or slioit *■ *■ \ 33tSi ^3(1 3t^3 C3, 3*C33 ^ 3J1 9 ^1 

M2 <2p*f^ I 333353* f%lg 3^3 <33J3i 9 i,— ^*3t®f hsatfR^ 
d >. 

conical 3C33, C3tFt3 333 31 *1^ ^3 'srtff^, 43° 

3l*5)»t£3 (2f?lf^\s | '5]vsv£l<l 333 J 3 ; Gk 43° C3 f33t^f3 f^f*t^ 

C3 ^ ^^i 9 } ^ x iJ^tft I ^ ^5 \ »i^1 

^1 9 t1 Anatidre c^1?l ^fsRl 

■RtfSi^rl 5^ i ^^5 ^1 

^Ft3^r33 5Jt3} ^f3t x r3 

511 ^31 'SlWro 51° x i3 3t1^3l i ^1^1^13 Wrt*H 

vfottm 5i^ ^ 1^3 9 tt3i;^f% 1 hw x i3ff^ «sic^f ^513 

*" The World’s Birds (1908), p 30 

t ^*1E^ m ff* (5*5*), V* ’J*! 1 
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m 

cr<~\ TO i ^touTO ^faifprtw *ifw 
c^fro TOretfl <srk w*tf*\T*\ ^1 *w^fc ^ 

’P’^TOt f%3 1- C*l ^ s t ( Pbalacrocorax -) ^s 5 f^TO 

ssiTO 'row fafailre toj cw^ji to c^ ^tTO ( fV. 

1%^ # “medium to short” ^f%^1 3TO <lfTO ffatUR ), TO *1 5^1 
7 [^ ^ Bt’ll, *I<5 W I wTOfa Jaeamdse 

f^5f , s©TTO Vf 1 TOlTO 1 *! ^s TO>, f%3 TO§ 'sTO 1 

<£& ^1 «JtfTO TO^TO CTO TO, W*CT <^MM «?tf^T 

foftlj ^ C^ ^*TO^ fro ^5 ^1 TOtf^ <TO , 

TO^jra %s\ i •& to^I f^c^H to^t sire 

^TO^TOff TOreTOI *ttlre c^ to^cto to'to, TOrelfl 

i£R°n ®f*[f*tf*ft TO©^ ^ I <4TO TO 3$ CH TOW 

fdSTOTO iTO I f% iTO <4T\ f% ftf*T§ *tflTO TOt3 
^ttfs TOTOI^TO^ TOTf <TtTO TO ^1 I 

ssratTOTO f^*liWre ct «rtff^s ^ Ito totos 

identification TO TO1 ^ f^Rl *itTO TO ^1 , 

*> 

ig<n TOtTtflre ftTOre^ *lTO ^fare CTO WTO 
TO f% TOd ? TOt*TO TOTO 
TOTO TO'QTO TO SsTO^ 1 <sTO c*r TjC x Ji f 

TOTOre CTO ^feTO, TO*5 5W TO^TO fiffTOJ 

ftTOTO I TO Sltf» ^1 TO^ C*i f|{%3 ^TO TOtfTO, 
cto^ to TO'sh §im ^itci i cn ^jj 

*ito ^i^j zkz'v If ^ f fa^tf% c^rl ^c’gj'o 
<4 Tn TOPR TO TOl ^tu? I 

^tt^l C^T ^ 2^P5 ^5l^F ] 

flw C^ ^ ^ ^JTOf To ' ll «it^e 

^n ^tTO i ^frort tiw?r 

.TOi ^rhQ^i f^TO c^fro 

-^t?1 c^'e^il ^1 1 ffi c^r hpTO TO^e 

* The Woild’s Birds ( 1908 ), p 13 

t ^1— ?tPRW *1^1 f 5 ® (>v^8 «|fa) f ^t'Ot’Pl'S, di C¥ft^F I 
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i c*r ®r®p^i> ^ m 

'tsq 4^ ttoww 5 ? ^if%=^ y* cn Ttft i$>rc ^ , fow*i3rf^ 

®Z% * f%f*hs — ' u W*l3$> e o , hw^^%s” I 

Ff fw ^ ftfbn ns ^jRftrca^ ^*fai 

wrera tero*r ^itcfe ^ stoi f 

<WT 3^14% ^i*lf% ^1 *Tfa I ^ affafaq ^ftSR 

coot <if*Rl *lf41w , fasstft^F *Tfa Pulica a. atra Lmn. I 

«f*fHPT tt^R TO? *5t3tre f^ 4 ! *fftV5 <fl*M *lt*, 

c£J^ <2fl*fe ^ tfa ^f*ral ^ ^ , <*PR 1% 

Tt^Q ^ q*l *Rl*Tt«R 3R *H I ft C^Q^rN f “The only 

bird that is likely to he mistaken for a duck when on the 
wing is the coot” ftft ^U'Q $ m ^—' '‘The coot does not 
appear to derive any benefit from its lesemblance to the 
duck , on the contrary manya coot has lost its life because 
it has deceived inexperienced sportsmen. In this case it is 
similarity of habits that has brought about the likeness.” 
<5f*R *i\ “Its favourite haunts are 

laige tanks, or sheets of water, with reedy and weedy margins. 
Swimming about among these it looks very like a Luck and 
at a distance may be mistaken by anybody * u . The 
presence of Coots on any water is said to encourage and 
attract Lucks, and the two are often found m company.” 
f%i *rt*&i<re f^<R <r ^ *rNto M3 wfa*rftr 

cwft*n Msrf^rtw^ <ra*r *n«rfa«i 
^ftral ^rl ^ i t5 ^ps^ss vn^ <rt<n:«i nvw 5 

I 1%1 3\*f v<l<R ■STC«tJ (R 

5$, 5^1 ^t44 <2|f% *m 

* bW^pFg— srpHtSt ^C51*[53 '0« Jiffy'S (>»>8), set <J&| I 

t Ths Common Birds of India, Vol I, Part I (1923), p 1 
J Ibid , Vol II, Pait I (1925), pi 1 

IT EHA , The Common Birds cf Bombay, Second Edition? pp 175-176 

52 



'410 


^sjFiin 


^ i Rs csmU * ^rtw m fot 

RlR^tll^ — “The dark colour, tlie more pointed bill, the more 
laboured flight during which the long legs and toes project 
behind the tail, the fact that befoic he can rise from the 
water he has to run along the surface for a few paces, and 
the confiding habits should suffice to enable the tyro to 
differentiate the coot.” ^ C3*f ^1 C*T, 

^n, ^1 ^ ° s 

*11 <£${ ^rt^Rr mvf ^%z^ 

m I ^ ^rC®t Rr* 1 ^f<rl mt | 

ewi ^ f^r ^ cTf 

<tt*r, fH i^r, ^ cn *rt*fft?F *iWr 

*r fare ^1 ^Rrol «tffl ffi i coot-^ sstf^fre ^rtffc 

(fiftl *Tfa, f%8 ^Tfal G T 

ftwpfa 1 fsrs 3§*prfa t RiRfatO^— “The Coot is more 
definitely aquatic than most of tbe Rail family, and frequents 
more open water, such as lakes, tanks and slowly moving 
rivers.” <sw •, Rs C^fa t 

’ftSR “Kraw Kraw” I *tt$Wtfe^TFF «ttR 

»*R«| bR SSRtFt^H i” ^ “*R 

*re ^RR<© “sf sp” «kR^ Re*t vri f% ? ^ r 
* tRb*l c£|^ TfR^R 6 ! ^ 'S'fa'fa ^WR ^1 ', 

^Ire’TO Y% Rt epf viR <r 1 *ttR I 


* The Common Birds of India, Vol I, Part I (1923), p. 1. 
t Popular Handbook of Indian Birds (192s), p 339 

$ Journal of the Bombay Natural History Society, Vol XXXI (1926), p 54 b 



c’TO ^ ct ito tsl «rt^ fosfffa 

Tt^ i ^5Rl^ ^l^rl^ft c^i on ctoi 

*r*&tff5 «rtf*rai ^tffcitre <^!^® f^tfil^i 

Tt^rere i «rc<fai#sr i 

TtvWta a ^ic< ^if^i ^5ji ^1 JiiW, w^\ \ - 

?Tl^ mn tst wt^ta Tire ^ftfth© ^i ^ifroe, ^wtft 
feni ffa ^Tfre<i *i8tI sttftrere i s^rere 

^3t«^fro *ifat toi ^stTO *rc< «rtf%^ ^n#re 

t 8 i <2f8Ttre^ eiwMtwt It ^tfife 

ptit 6 ! fare ^fr ^ii ? ^ ^i ttct 

fr ? 

^*llw?( T^l frol Tfare «ITO% TO T^I ^Mt 

ct Tfcr^Mtft Tfsrlft f^stfp6^ *itt c«f& 

^I^Tf *|fi|?|ft<5 I TtTi *IW5 *1* ^TtatWF 

Ti^fifere^ ®tTO* «2iwTO ^ferai 

Tfrtf ffatre^r c^ ^t^rt^itT ^f*Tift Tisftft ^mtre ^ <i*sm? 
ct^t ? *tl*sfaj sftfr^ ^fnc*R reref 4TOf w «i«tsr ^itw 
Tt?TC, m* lf% f*fa 'Q TtPfcerJ TfStTl fl*T I w 

s^tret bistre* on re% ^ftT 'q f*iftre? TO*fc*ft 

<5itftre ^tfl^, TOt® 8ft ^ ^j^7it^t<:^ Tt<re 'frfctai 
*ffos ’?t»T Tf?1^1 T^tC^I I WG Ttsft^ll *P»T?> 

wtre^rei»*ii mun ti^i 8t \ ^5t<2t«-mtft cq t?m t^- 
sfcns to?q c t^ c t^: <iit ^m*ittT *itsritfcrr* tot t8 W 
ffal 8mre^ t «rt?i TtTO tI®? ^ vit 
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Sfa* C*lfr 


ifl f% 1 W gt«f RR <mRt^*R *lRC?ra ^S f|«T, 

(71 TRRR W <53 S^g R^m *rR«sft f|?l, c*fe ^RRlR 
TOROT *l??m ?3f ^lll, 'sUStW? I ^t^'S ^ s f- 

R»N R3®, ssRtm ^R^H ^t? mi *tr ^ i ^rtr 
^RR, ^WR, s®^R> ^ e mR^ SFtsfe <$Rtm ^ ^ ^f% 
sRnti§ ; ^isim cn *i^R^ ^iHRi i£pr R^^tr i 
^Rt*?R mi^ *U^1 ^tR^s mi slfml 1%, m m ^jwm- 
v &* i <5 iwRr «rR ^Rtm s^itre , <-W 

^rr msfsRrs apCT ^Rtm ^lRr*il gtfew #1^1 

i 

• wRffsg f¥®R mft ^«Rfa glffisrjreaj ^fRrRR si&WRl, 
c^RRifo crc*rati>l «i<$ffc sftft ^RyR *n ^prR^sRf *rtel 
^R»r RR ^t#G ^RtsfR 4SW&RI f|5T, ^itw cn 
gtatara suf^Rj ^RfisfR vw #rqi ffaits i *iRRl w sstsim 
m*ttR fe, *rRtm ^R R^ ^R^i ^Rtws <5 iRr 

srRR stta 9 ^ *m?R ^Rre 2&s, ^il'S? *re?*rcg WRI^ 

^t$R i ^R^ ?mR cto ^Rtm «ri®y 
^1 £Ryt%m mt i c stB <sm f% 

csifg^ Wc*rg ■sR* f%s cw^Rm ^Ri aR*ts% ^Rf* 

^*ti *rfttTO i «ir «ir*5c<H fw ^ (7i, ■qRtm 

fNl 3^1 TRim ■gm .sir sR^i entrees, ssRRI 
^3 s?3J siRtR^ ^ere ^iRc^ ^ i ^ R§1 

*t« ?rRRNI mi *iR vgT^Htai ^*s2l?1wg, c«r 
<TfR^*Ri ^Ri cwl i #f^R1 ^*u 

TOST, ^t5fM^ i 

m, 5t^, ^R^rtq ^iR®tj^ «r j% 

^51 <ii^ # s ^l^rwg ^ftgl ^^R^ctf ^1 ^jR ?i1 

^51 ^tcf, ^«uR ^mR <ii® 

^«11 &ps ^ «1tRc^ 5t^f ^ R^5*1 

c4 t«l1 -^tR^r ? tR 1 *?R ^Rc¥ ^fR c i WR 
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4J3' 

-mnfa ^ =ri, ^rot^s fam 
f*w to K 1 ^ *roT*Rft®i, ^t*t' / <2i^l% fw ,%t^t f*mi 

TO^f $ttfM KK TO, *I3W | ^Sfieffa 01C3R 

TOtff%*l ^ Ml ^1*1 sstStM *fftasfafag?te1 « fa®Hf*i$1i 
Knvft omn f§®i m , oph ^ <sm fknjzn nit cto 

tffa f^5T 0| mft TO^I Ttfn stf I Cat’ll f% ajc5 fct$TM 
WM TOJ 01 v lf?l^€^ ^\$U stlWtfa «2tf 5 5 *I*T ^1 
Vft, «M£^ 0! *tfTOt^ *p*t 1^ slsrfcs cnl ffa C^[ ffa 
f*i?Rmfttf? TO1 TO1?^3i ^sfa *(fw.« $?3J C<F^t^t- 

^ *w ^i^rai afro *nl*i i fei fowf*t? *ttTO3 <2^ 
i $7t€fa #)<im ^%\ ^n 

to i 

v c*i w ttf|*nflc*rc Km *tf?et*rct»i 

*i3t^t ^ «i^tpr?f ^fon? m c£i«f*rsi 

^rtJrt«fti $tetM wsw 'Q Rsiitni *ist*iTO $?2 j oi? 

*lWfa «tTOl^ I $l*tM TO% ^J TOtfR ^|5flw F.STI^I 
fetl% ^[fitS?T3 $?21 TOJ Iwi^t ^»TO 

<3^ 1 $\i TOffaTO 9ft CTO *1(^31 3l5f1 eft C*T W 
K^ *rftrc^ TO ffat r f*r i TOt^l w »tfiiQEtc«r 
cTO C^I Ptffl? CnlTO *R<1*tt*#Fra *W KfeK TO TO 

f*cro ^im i to oi^Cto TOfafeft^ c*i% 

TO*rTOftt®?j3 ^ TO ^ fanTOTO *\mH to fn*v 

TO*f toi^s cfTORtfare ^^>1 «toto toto? 
f%f%< <to c*i w toi%^ t^left 

^itf^^l ^1 <5(^—1^ ^isfi^fta $\w.w 9 ftz^ 

^T I 

01^ ^?3 W cell's I 

^j'Q oi^ f^(|?r k, ?rl5t^ ^Rlwii 
5Trf^5 ^C5 ntc^ l Msftl Oil r^TN *mx 



4J4 ' v 

etefa I Will TO 5ttoto3 C3 TO «TCW^l»f- 
tot ^ito i spssrK c^ A \ mi f^f^r TO sttotto^ 

toTO^*tfe3ito3 ^ etorTO TOmTO 

<K 

TOI^t ^TOW mift W ^ffiireft*! ^5t?EtTO 

TO^I Wll^e <51%^ f TO% ^tto'l I SstStre WT 
<TOTO 3TOm <TOK sto^ <rrtof^TO certre? ^3- 
TOm *m to ^to i to ^t§? TO 

c*ito 31^, <wi ^wr ^TO, TO TOt^ft sromTOTO 
TOfa ^Itre >i^T to i tots ert^s 

<5W^«t3 TO f&^1 TO *[C3 TO (TO 3 'Q TOstsTOfl TOtTO*— 
WtS ^«fe <TO CS f C*H® *I^|TO sqfTOTO 

TO <jtotm, CS tol 'Q toi*^ QW\ eftto «itC5 

TOttfS SW^TO s§Wtoi 'Q >1TO3 TOSS %TOS s(TO 
toi TOtm TOls «(TOf% sto TO s^to 
sre ; TOIs TO c?w ^<swl TOsfws elf 1 s? SS sTO 

31, ^3f W3 *TCtot SilTOf stotS TO CStt^ 3CS I 

x ^TO? «;tfbito to sTO toTO sto sfTO to 4 tol 
CSfTO S3*T«1 ^tfTO TO TO I TOtTO, sffihll, cTOsI <%(% 
*ro totsi fiiwtn mwf ® ct=r 

<1133 ft TO TO TOG ^Slf*lto StfTOS TO c tlf*r ^e&- 

sto ^TOS ^l?(3 SJSTO ftos TO tot s to ^3 TOTfj 
§*fTO TO SlS I 4TO ^5te iTO ffs!TO3 sTOs 

TO ss* c^u mf* ^ %$rs to i ^rtft Rto ^i^i 
^t33l ^ ^i^r« TOt3 tol ^t*r 

eTO 'Q 3C^, TOv ^i^ft I 

C^C^i fl3*1 ^t^tC«R 3C3t^f%, ^tSTO 

f^to, 's ^ 

toll ^fs &vs vti-w ^e?rc^ ^tw 

^ 3W 33TO 5^TO 1 C3 Tt^'TO 

^ ei«[f3 3TO 33t«ltC3i C5&^ 5rlto eff^ ^1 I 



^t3rt*ft i^ 4 ! ^erl%4 ^1 #fa;r 

*lt*iR ^ C*15?3? a *fatCS*T, 

w.*jj ^1^1 «sjf ^ 5 ^ ^nfi #rc*r «^jfe ^\ i «M*fr 

c^r wi «rc*ra ^t1%5Tr^f< f%«it*r <51^ 

?faii c^ w*i ^vsjt^r *firai ctr^^r^ <^*m wi 

*rct«rfa ^1 ^r^ntcis sfaw ^ffatcssr i ^ 

^t® I <5imt3 4 ^ <2ftC® ^ *hi f%^ r,t^, 

^ts? c^ s*JT^ ^i 

W ?^t%*l1 fafft ®f3J f%I ■sit^fRl ?it3t I 

llsfivi t*t$> 
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The Soul of India 

*» t — 

Bi Nares Chandra Sengupta (Calcutta) 

The soul of India has formed the theme of many a learned 
discourse Men have gone burrowing into the past to -discover 
it and we have had no end of men who have come forward each 
with his own favourite miniature of the article which he has sought 
to pass off as the real thing 

I have ever felt such efforts to be futile and the more I have 
dived into the learning of India’s past the less I cared for any 
school of thought which caught hold of a single strand of the mind 
of India m the past and looked upon that as the whole fabric of 
soul of India even of the past. 

The soul of India is not to be read in the solemn abstract 
thoughts of the Upanishads alone, nor in the colourful and varied 
pictures of the Puranas alone, but in all the entire rich and varied 
life of the past with its sciences and arts, with its folklore 
and music and with its flights of fancy in literature and art It 
is not one simple thing but a great web of the varied yarn that 
went to make the life of the past 

And, if there is one thing which shows more than any other 
the real life and soul of the past it is not the lofty thoughts of the 
elite embodied in the Upanishads, but the life and mind of the 
people as shown from their laws and institutions embodied in the 
Smritis. These show, unlike the sublime literature, that those 
ancient people were not mere philosophical dreamers but very 
practical men who cared a great deal for the good things of the 
earth, worked and fought for them and employed all the resources 
of their mind to multiply them In fact, reading the Smritis 
through, m the light of other ancient systems of law one cannot 
but feel that the ancient Hindus were anything but the dreamers 
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that they are painted to be They were an eminently practical race 
who had their senses wide awake to the realities of the universe 
and were ever ready to take advantage of them for the improve- 
ment of their earthly lot 

The course of the growth of the Smnti literature in same 
measure indicates how the decadence set m which diverted the mind 
of the Hindu race to thoughts of the other woild to the utter neglect 
of this The earlier Smritis throughout indicate a healthy and 
vigorous development of all sides of life which is reflected m the 
corresponding developments m the chapters dealing with positive 
law The Smritis of Narada, Katyayana, Yama, Vrihaspati and 
others, judging from the excerpts from these works still retained to 
us indicate the high watermark of social development Kautilya’s 
Arthasastra and Vatsyayana’s Kamasutra are in the mam also indi- 
cative of that healthy growth of society on all sides 

At the same time these later Smritis show how the seeds of 
decay were setting in The growing preponderance of the sacral 
element in these later Smritis and the tightening grip of sacrament 
in them show how the sacerdotal element was extending 
its stranglehold on the life of society 

In the early Smritis we find that society and law are sensitive 
to changes m environment and they do not hesitate to appropriate 
or adapt things and institutions which they find around them The 
whole body of Dharma Sutras are full of instances of such growth 
by adjustment to environments But I shall illustrate what I mean 
by a brief reference to the evolution of marital laws 

Marital laws are the pivot round which society and social 
institutions grow, and m a very large measure they determine the 
structure and functions of society In the earliest records of Vedic 
culture m the Rg Veda, the Atharva Veda and the Grihya Surtras 
we find that the only form of marriage known to and recognised 
by the ancients was one solemnised by appropriate sacrifices m the 
house of the bride’s father followed by a journey to the bride- 
groom’s house, which bear obvious analogies to the marriage 
laws of Athenians and early Romans There could be no other 
valid marriage As you come down to the Dharma Sutras yt>u 
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find that other forms are slowly finding admission into orthodoxy, 
as much as co-emptis and usus came to be recognised in Rome — 
until you come to the list of eight kinds of marriage m the latest 
Dharma Sutras and m the Smritis 

What does this indicate ^ It clearly implies that these new 
forms of marriage, such as marriage by capture, by purchase etc , 
had actually been so widely practised in society that law had to 
recognise them m the long run And what was the reason that 
these practices grew up amongst the people ^ The reason is that 
m the new environments in which society found itself the strait 
lace of ancient law proved too narrow to satisfy the demands of 
society Society therefore adapted itself to its new environments 
and appropriated the froms of marriage that it found in vogue 
among the peoples among whom they had settled 

A striking indication of where these new forms of marriage 
were obtained from is to be found m the name of one of these 
forms — the Assura, which is the name given to the system 
of marriage by purchase That was precisely the form of 
marriage in vogue among the Assurs — as evidenced by the code 
of Hammurabi and numerous other documents It is reasonably 
clear therefore that this form of marriage was adopted by ancient 
Indians from the Assurs So too the other forms of marriage must 
have come into vogue by adopting the customs of other races among 
whom the Aryans found themselves 

This is a theme far too large to enlarge on within the brief 
compass of this essay But my studies have convinced me that 
this was the fact W hen ancient Indian society felt a social 
necessity which its laws did not satisfy, it did not scruple to borrow 
from its neighbouis all that was needed to satisfy the cravings of 
society and give free play to its life It was the same everywhere 
And the whole history of ancient Indian culture is not a history of 
mere natural or logical evolution of some primordial seed, 
but growth by absorption and assimilation from life-giving thoughts 
and ideas which the people found around them 

That was the story m days when society was still vigorous and 
alive. Those were days in which society responded sensitively to 



The Soul of India 


419 


the environment and absorbed ideas and institutions, goods and 
merchandise, as well as whole races of men and assimilated them 
with itself Law had to follow in the wake of the triumphal march 
of bubbling life It was not yet a cage which cflosed round the 
society and cramped and devitalised it. 

But the custodians of sacred law were never any but grudging 
parties to all this social expansion If they recognised new growth 
it was because they had to And at every step they took, they 
tried to set bounds to further growth by placing the new institu- 
tion 'itself within the bounds of sacred law Here again marriage 
laws afford an instructive example When Vasistha extends his 
recognition to these new forms of marriage, he seeks to limit them 
by saying that they must none the less be sanctified by the Grihya 
ritual of marriage These early attempts to set bounds to these 
novel institutions failed Once m a time we do find a marriage 
by capture, as for instance that of Ambika and Ambahka sanctified 
by a subsequent ceremony But the Mahabharata is full of stories 
of marriage by capture and gandharva marriages which were never 
followed by a ritual 

If we follow the fortunes of marriage laws m subsequent liter- 
ature, we find that the ritual marriage came m course of time to 
be confined to Brahmans alone, while Kshastriyas, Vaisyas and 
Sudras used to marry in other ways, and we find Manu setting the 
seal of his approbation on this law But m later times the seed 
sown by Vasistha germinated There came a time when the 
sacerdotal element in society had gained complete ascendancy, 
and, at this stage, in various mbandhas we find it authoritatively 
laid down that no form of marriage was valid which had not been 
accompanied by the Grihya ritual 

The sacred law had at this stage asseited its hold on the life 
of the people Room for natural expansion of society by free 
adaptation to environment was gone Every day and 1 hour of 
life, every little thing that men could do was now legulated by an 
unalterable sacred law Society had lost its power to expand, it 
shrank into its narrow shell, out of touch ^ with the world 
outside. 
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A study of the entire Smriti literature indicates how the change 
came about As I have said before, the Dharma Sutras 
and Smntis show a steady and vigorous growth of the life of 
-society although, already m the later Smntis, the fetters of sacred 
law were being multiplied The early mbandhas and comment- 
aries, written by practical lawyers and statesmen while they dis- 
close without mistake the complete hold of sacerdotal law, are yet 
not mere manuals of sacrament, but devote a large part of them 
to positive law But as you come to the later mbandhas you find 
the sacral law growing more and more and positive law shrinking 
The culmination of this development is marked m works 
like Hemadn and the Smriti of Raghunandana whose twenty eight 
chapters have no room for any positive law except that relating 
to the law of inheritance, while Ekadasi, Malamash and such other 
weighty sacral topics fill whole chapters of the work 

Raghunandana wrote m a society in which Hindus had lost 
a'll political power Public laws were matters of no concern to 
them Orthodox Hindu socitey had no concern with politics or 
the administration of laws except in matters like marnage 
- and inheritance Hindu mind so far as it responded to this new 
environment did so by accepting and bowing to the laws of their 
rulers But the bulk of Hindu society which had lost its elasticity 
and adaptability turned its mind away from topics like these and 
got itself entirely absorbed in exploiting the ritual and metaphysi- 
cal wealth of their ancestors, absolutely out of touch with 
the times 

That is how decadence set m and was perpetuated The 
rigours of law closed upon a devitalised society and made 
it incapable of responding to the changes m environment And, 
as political authority passed out of the hands of the Hindus and 
the practical world was dominated by the Moslem conquerors, 
Hindus as such, shrunk m stature beyond recognition, found their 
sole comfort in rummaging their old treasures m the domains of 
religion, philosophy and ritual It was m the age of this decadence 
that Hindu Inc|ia, let alone in its position of isolation from the 
main stream of life, developed an exclusively spiritual, religious 
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and ritualistic outlook which most people have taken to be the 
spirit and essence of the soul of India, ancient and modern 

A study of the laws and institutions of the past, of the htera- 
* ture, science and art, of its industries, trade and commerce and of 
the evidences of the entire life of ancient Indians in days when 
they were a live race give the he to such a conception of the soul 
of India It was never the cramped and narrow thing, exclusively 
spiritual, with no interest in anything but the supramundane that 
it is supposed to be Spiritual it was and religious like every other 
ancient society, but the religion and spirituality of ancient Indians 
ran like a golden string through its variegated life and while they 
inspired and expanded its action and thought they did not have 
the terrifying and cramping influence which could blind the people 
to the good things of the world - 

That was the real soul of India of the past, alive and wide 
awake, with interests as wide as the bounds of human mind, never 
failing to adapt itself to whatever environment it found itself in 
That soul of India is not dead 

After a long age of hibernation under the freezing influence 
- of sacerdotalism she has been born anew, with life flowing in every 
limb, and ready for any enterprise She is no (longer afraid to 
face the open air and hght of whole world, she will not shrink from 
the fight with the torrents that may beat on her from the world out- 
side She has opened her doors wide to the world of thought 
and is as keen as she was m the remote past to glean sustenance 
from all quarters of the new world she finds herself m 

That is the soul of India reborn, revitalised Her sleep was 
broken by the magic wand of Raja Ram Mohan more than a 
century ago Since then she has lived and grown and thriven 
on the labours of scores and hundreds of the children of light m 
the front ranks of whom the name of Acharyya Prafulla Chandra 
will always have an honoured place For it was he who opened 
the door to a new font of light for the children of India in the 
worthy company of his great contemporary Sir Jagadis Chandra 
Bose And in more ways than one he represents the soul of 
India of to-day. 



I)r. Sir P. C. Pay — The real man 

ll\ Rni Bahadur Hiralal (Katin) 

Somebody has pointed out that it is the trifling acts of a person 
which exhibit Ins real character, and I fully realized the truth of 
this assertion in the case of Sir P C Ray, whom I had the good 
fortune to meet though only casually on three occasions, the first 
two of which were quite accidental But every time 1 found 
something in his behaviour, which spoke volumes of Ins goodness 
and purity of heart. On the first occasion he unwittingly 
demonstrated udara chantananlu VasudhaWa kutumbaltam, on the 
second his simplicity of living, and on the third his mature 
experience and profound love of his pupils Indeed on every 
occasion his love for Ins pupils was a predominating feature. 

It was in the year 1921 that 1 happened to come in contact 
with him for the first time, quite accidentally I went to Calcutta 
for attending the 8th session of the Indian Science Congress, whose 
Reception Committee was headed by the late Sir Asutosh 
Mookerjee as President and Dr Suhrawardy as Secretary On 
arrival the delegates from the Bombay side, including myself, were 
somewhat surprised to find nobody present at the railway station 
to guide us to the lodgings fixed for us at the Science College, of 
which we had been previously informed As nobody on the spot 
could tell us where this College was situated, we drove straight to 
the University Buildings, where we got the necessary information 
to reach the destination Cn entering this building we encountered 
a gentleman, whom we requested to tell us the rooms we were 
expected to occupy This gentleman was no other than Dr P C 
Ray and he questioned us whether we had not been informed of 
the changes subsequently made shifting the lodgings to the Law 
College Buildings. On receiving a reply in the negative he re- 
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marked, “This is the business of big men and hence all this con- 
fusion That is why I did not go to big men who invited me to 
stay with them at Bombay when I returned from England. I 
went to my pupils and was very comfortably lodged with them 
Meantime one of his pupils, the head of an important institution 
m Calcutta, arrived and asked for my name, which he at once 
associated with Nagpur, where, he said, he had no such wander- 
ing about as we had had, when he visited that place the previous 
year for the same purpose for which we came to Calcutta He 
spoke of the reception arrangements at the Nagpur railway station 
very approvingly and felt a bit hurt at the idea of our possibly 
carrying away an unfavourable impression of the Calcutta arrange- 
ments Dr Ray at once gave us a peon to take us to the Law 
College Buildings, but his pupil would not be satisfied with that. 
He took us into his motor car and conducted us personally to that 
place We were mere strangers, but the anxiety of the saint-like 
Acharyya of Calcutta to put us in comfort made a deep impression 
on our minds The incident exhibited also the great regard he 
had for his pupils, who reciprocated it with great respect 

The second time I met him was on a railway train when he 
was travelling to Bombay I entered his compartment at Gondia 
about mid-day and travelled along with him up to Nagpur It 
was meal-time and the Knight intimated to me that his kitchen was 
on the train with a cook to supervise its affairs Without moving 
from his seat he then pointed to a stove, which formed his whole 
kitchen, introducing at the same time the Superintendent of the 
Chemical Works as his cook — an honour which his chemist pupil 
seemed to be proud of. This exalted cook took no time to pre- 
pare the full menu for his master, which consisted of a very small 
quantity of rice, supplemented later on with a single plantain fruit 
I wondered whether that was some sort of chemical food, capable 
of maintaining a person on so small a quantity After showing 
me this magic he related how he washed his own clothes and 
managed to do it even at Sir Bipin Krishna Bose’s, where he was 
surrounded by servants, who would not give him an opportunity 
to have his own way I asked him whether he had informed Sit 
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Bipin about lus journey to Bombay He replied that he did not 
do it, as he was afraid lie might be asked to do justice to food bond 
to be brought for him, knowing that he would not be able to take 
it on account of its richness On this occasion I had before me 
an example of plain living and high thinking 

The third time we met at Nagpur m a meeting recently called 
for determining how the bequest of 35 lakhs made by a philanthro- 
pist of my province may best be utilized There he expounded 
the practical view, which his mature experience dictated, as against 
theoretical suggestions made mostly by his own pupils, one of 
whom, the most eminent, who had been honoured by lus admis- 
sion to the Fellowship of the Royal Society, received a wrap on 
lus venturing to interrupt lum while he was speaking — a wrap 
which elicited a rapturous smile from the reccpicnt, as it did from 
the rest of the Committee It showed the profound respect, which 
not only lus pupils but others outside that circle held lum in 

For a person so benevolent, so kind, so learned, so unselfish, 
so devoted to duty, so universally loved and so profoundly respec- 
ted I fail to find a suitable epithet but that of Man May he live 
long to furnish a model of humanity to the coming generations 



Modern Science and its Influence on some of the 
Philosophical thoughts of the present century 

B\ A C Banerji (Allahabad) 

In this article an attempt has been made to exlpain briefly and 
m a popular language some of the modern theories of physical 
science and interpret the far-reachmg changes which they have 
brought about on our outlook of the universe and some of the 
philosophical concepts of the present day During the last thirty 
years, progress of science has been very rapid It has been much 
more far-reaching and revolutionary m character during this period 
than during the whole period of the last three centuries There 
was a distinct tendency or rather a movement amongst the 
scientists of the last century to interpret the whole universe as a 
machine This movement reached its culmination m the latter 
half of the last century It was the mechanical age — the age of 
the engineer scientist, whose ultimate aim was to make different 
models of Nature in her different aspects Helmholtz, the 
German scientist, declared “that the final aim of all natural 
science is to resolve itself into mechanics “ Lord Kelvin frankly 
admitted that he could not understand anything which could not 
be made into a mechanical model This concept of Nature greatly 
influenced the philosophical ideas of that age This was the age 
when the law of causality reigned supreme, which was thought to 
guide the course of the natural world It was confidently pro- 
claimed that Nature could pursue only one path, 1 e , “the path 
which was mapped out for her from the beginning of time to its 
end by a continuous chain of cause and effect ’ ’ It is quite evident 
that the idea of continuity is also involved m this law of causation 
The success of the mechanical interpretation of nature by means 
of the law of causality continued unabated for a long time and 
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it became more and more difficult to believe m free will But m 
the closing years of the nineteenth century tremendous difficulties 
were experienced in the interpretation of certain phenomena by 
means of prevalent classical theories based on the law of causation 
and also on the law of continuity 

A black body is one which is thought to absorb or radiate 
heat or light This body cannot reflect or transmit heat or light 
through it We can imagine a box-like stiucture covered on all 
sides by lamp-soot. Classical scientists could never think that 
heat or light energy can only be absorbed or emitted m indivisible 
units called quanta which can no longer be subdivided, and that 
the total heat or light absorbed or emitted by such a black body is 
an integral multiple of the quantum (whose magnitude depends 
upon the frequency of the particular light or heat vibration con- 
cerned) These scientists thought that light or heat energy can 
be absorbed or emitted m indefinitely small quantities On the 
basis of this assumption certain classical formulae were deduced to 
indicate the energy radiated from the black body Experiments 
were performed by Lummer and Prmgsheim to see if the experi- 
mental results tallied with the classical formulae It was found 
that especially for short wave-lengths (of energy), the results 
differed very materially from the formulae used It was left to 
Max Planck to formulate his famous Quantum Theory mentioned 
above in 1 900 and to give the right formula for black-body radia- 
tion It is as if heat or light energy is emitted or absorbed m 
indivisible units (or particles) by liny jumps or jerks This theory 
therefore involves the principle of discontinuity, l e we cannot 
continuously go on subdividing heat or light quantum into smaller 
and smaller bits 

During the last century Dalton’s Atomic Theory was univer- 
sally accepted It was assumed that there were about 92 elements, 
each of which can be ultimately divided into indivisible units called 
atoms, which could no longer be subdivided It may be mentioned 
that some sort of law of discontinuity also holds here Sir J J 
Thomson, Sir William Crookes and others passed electric currents 
at high potentials through tubes containing gases at low pressures. 
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Cathode plates of various elements and various gases were used 
and it was found that m every case, whatever be the metal used 
for the cathode and whatever be the gas used, electrons were 
always shot out from the cathode plate This conclusively proved 
that the electron which is the unit of negative electricity is the 
common constituent of all matter, and thus the theory of the indivi- 
sibility of atoms received a death blow 

Becquerel first discovered in 1896 the phenomena of radio- 
activity m comopunds of uranium, which gave out spontaneous 
emanations and changed ultimately into compounds of lead which 
is of lower atomic weight In 1898 Madame Curie isolated 
radium Later on, thorium and uranium were isolated These are 
ladio-active substances which ultimately change into lead of lower 
atomic weight by spontaneous emanations of a rays, ft rays and 
7 rays It was found that «. rays consist of double units of 
positive electricity (called protons), ft rays consist of negative 
units of electricity which are called electrons and 7 rays were found 
to consist of quanta of light called photons Later on Lord Ruther- 
ford showed that protons and electrons are two fundamental consti- 
tuents of matter His experiments indicated that each atom 
approximates to a miniature solar system The unit of positive 
electricity which is called the proton is much more massive than 
the electron, l e about 1800 times as heavy as the electron The 
positive charge is at one of the foci and the electrons are describing 
circular and elliptic orbits round the centre or one focus The 
hydrogen has one proton at the focus and one electron is going 
round one orbit The helium atom has two electrons moving 
round the orbits and the positive nucleus consists of four protons 
and two electrons The helium has atomic number 2, so only two 
electrons can go round the orbits But its atomic weight is almost 
four, l e it is almost four times as heavy as the hydrogen atom 
It is a matter of common observation that when sunlight is 
passed through a glass prism, it is dissected into a band of seven 
mam colours (red, orange, yellow, green, blue, indigo and 
violet) called its spectrum It is a continuous band It is also 
found that incandescent hydrogen gas will emit light, which 
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when dissected is found to consist of certain definite bright lines 
in different parts of the spectrum There is no continuous 
spectrum for it Similarly helium will emit certain bright lines 
called helium lines Similarly for other elements For the sake 
of simplicity now let us take the constitution of the hydrogen atom 
There are only certain definite orbits along which the electron can 
move round the positive nucleus, the electron cannot take any of 
the intervening orbits These definite orbits are called the quanti- 
sed orbits and they indicate the stationary states of the atom These 
different stationary states indicate different energy levels of the 
atom By outside influence, such as heat etc , the electron may be 
made to jump from one quantised orbit across the intervening space 
to another quantised orbit If it jumps from an orbit of higher 
energy level to an orbit of lower energy level the residual energy 
is emitted m quanta of light of certain definite frequency, and 
a bright spectral line is seen Similarly due to jumps between 
different quantised orbits different spectral lines are formed No 
continuous spectrum band can be formed as the infinite number 
of geometrically possible orbits spreading continuously over 
space are not all quantised orbits, 1 e the orbits along 
which only the electrons are destined to move Similarly 
for other atoms This is what we generally call Bohr’s 
theory In these jumps there is a good deal of uncer- 

tainty or mdeterminateness One cannot say definitely to which 
of the various quantised orbits the electron will ultimately jump 
from the present orbit The electron may go from state A to state 
B or to state C or state D, but no body can say for certainty to 
which it must necessarily go But it is possible to calculate 
mathematically its probability of jumping over to various states 
We may determine that the probability of going from state A to 
state B is greater than that of going from A to C, and the probability 
of going from A to C is greater than that of going from A to D 
and so on It is also quite clear that the principle of discontinuity 
holds good here in a very marked degree as the electrons jump 
over the intervening space So no continuous spectrum band is 
possible for light emitted by different elements and that this light 
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when analysed must consist of certain definite and discrete bright 
lines This , shows that many natural phenomena occur by dis- 
continuous processes We have now begun to see that the law 
of causality and determination is gradually giving way to 
the principles of mdetermination and discontinuity, and that the 
law of probability is pushing on with gieat force and making its 
way clear for universal acceptance 

Now we shall try to explain the theory of Relativity In 
1928, Einstein, then a youngman of 26 years of age, first revealed 
his special theory of relativity It was at first submitted by him 
for his doctorate degree But his examiners failed to understand 
or realise the true significance of it and the thesis was rejected 
Next year he submitted his thesis on a more commonplace subject 
which was mtellegible to his examiners, and he got his doctorate 
degree The special theory may be explained m a simple manner 
in the following way — 

If a train runs at the rate of 40 miles per hour eastward and 
a man travels at the rate of 4 miles per hour m the same eastward 
direction, then the velocity of the tram relative to the pi an is 36 
miles an hour If the man instead of going eastward walks west- 
ward at the rate of 4 miles per hour, then the velocity of the tram 
relative to the man would be 44 miles per hour The idea under- 
lying this is that there is some thing m the universe which is at 
absolute rest When we say that the tram is moving at the rate 
of 40 miles per hour, we mean it is moving with respect to some- 
thing which is absolutely at rest Similarly the man is supposed 
to travel 4 miles per hour with respect to something which 
is absolutely at rest 

The velocity of light is about 1 86,000 miles per sec The 
earth at any particular moment is supposed to be moving m space 
m a certain direction with a velocity of about 19 miles per second 
Michelson and Morley performed very delicate experiments by 
passing beams of light m different directions m order to find the 
velocity of light lelative to that of the earth in different directions 
If it is possible to have any body m this woild which is absolutely 
at rest and if the above velocities of light and earth are the absolute 
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velocities, 1 e velocities with respect to the body absolutely at rest, 
then the magnitudes of the measured relative velocities should be 
different from one another and also from the velocity of light itself. 
But no such difference in magnitude was found, and the relative 
velocity was found to be equal to the velocity of light itself The 
experiment was repeated six months later when the earth 
was supposed to be moving exactly in the opposite direction, 1 e 
the velocity of the earth was thereby changed by 38 miles per sec 
Exactly similar results were obtained This apparent paradox has 
to be explained To explain this the classical idea of “absolute 
rest” and “motion” had to be abandoned There is nothing m 
this universe which has got absolute motion Moveover, we have 
found that relative velocity of light with respect to the velocity of 
another body m motion is the velocity of light itself This shows 
that the velocity of light plays a very fundamental part in our 
universe Now it was found that by means of a few mathematical 
devices certain equations cou^d be constructed m which the velocity 
of light c would play an important part and form which it would 
be possible to deduce mathematically that the relative velocity of 
light with respect to any other veloc’ty would be the velocity of light 
itself These equations are nothing but Lorentz transformations. 
To obtain them certain assumptions are necessary Formerly we 
thought of space as something which existed around us in three 
dimensions and of time as something which flowed past us The 
two seemed to be m every way fundamentally different We could 
retrace our steps back m space but never m time We could move 
quickly or slowly or not at all m space as we chose, but we could 
never regulate the flow of time This was the classical idea which 
we have to give up now, and instead of this we have to assume 
that space and time are welded together so thoroughly that it would 
be impossible to detect any trace of join in them So we have 
to use a four dimensional continuum (three for space and one for 
time) instead of three as m the case of space m order to get out 
equations 1 cannot resist the temptat’on of quoting the formula 
for the relative velocity of two bodies in motion The formula is 
very simple If v and u are the velocities of two bodies, then 
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the relative velocity between them is given by 
where c is the velocity of light 


V r 


v — u 


Vtl 



If one of the velocities is the velocity of light, say v = c, then 
we find 


v r = c 


1 e the velocity of light relative to another body is the 
velocity of light itself For the motion of bodies which we ordi- 
narily meet, as v and u are very small compared to c, we get 

v r = v — u approx. 

In 1916, Einstein disclosed his general theory of relativity The 
leasons which necessitated a new theory which replaced Newton’s 
theory of gravitation may be stated as follows — 

It is a matter of common observation that a planet moves along 
an elliptic orbit round the sun at one of the foci The nearest 
point on the orbit from the sun is called the perihelion and the 
farthest point is called the aphelion According to the Newton’s 
theory unless disturbed by any neighbouring big mass the 
perihelion of the orbit should be fixed with reference to the sun 
It is found that m the case of the planet Mercuiy the perihelion of 
its orbit is advancing in the same direction as Mercury itself by 
a marked amount The same phenomenon is noticed to a lesser 
degree m the case of the planets Venus, Earth and Mars But 
these observational effects cannot be explained by Newton’s theory 
unless there be heavenly bodies of considerable mass near about 
these planets to produce these motions of the perihehons, but no 
such masses have oeen observed Moreover, we have already 
seen that we have been compelled to discard the old theory about 
a body having absolute motion Now the task before us is to 
formulate a new theory which would be able to explain equally well, 
if not in a better way, the phenomena which have already been ex- 
plained by the Newton’s theory Moreover our new theory ought 
to be able to explain those observed facts like the advance of the 



432 


A. C. Banerjl 


perihelion of Mercury, which could not be explained by the 
Newton’s theory Again the reason for accepting the new theory 
would become stronger if it can predict certain phenomena, which 
can be observed and verified Now Einstein’s theory of relativity 
fulfils all these conditions The theory predicted that a ray of 
light near the sun should get curved For a ray grazing the sun’s 
limb the deflection should be 1" 75 At the time of any total 
solar eclipse photographs of the sun and rays from a star near 
about the sun’s limb can be taken and the prediction tested The 
prediction was verified and the amount of observed deflection was 
in accordance with the theory The recent observation shows that 
the deflection is about 7 " 5 instead of 1 " 75 This necessitates 
a different value for the cosmic constant X m Einstein’s equation 

There was another prediction about the displacement of 
Fraunhofer’s lines m the solar spectrum But it is very technical, 
and the verdict of recent experiments is distinctly favourable to 
Einstein’s theory The old gravitational theory of Newton was 
a science of forces which were supposed to be inherent in nature, 
whereas Einstein’s Relativity is really a science of Geometry 
When two bodies approach due to their motions and relative con- 
figurations, there is no harm if we speak subjectively about their 
gravitational pull, but one should be careful about using such a 
term objectively 

If space-time continuum has all along been uniform, then if a 
certain set of equations holds true at one point of the continuum, it 
will also be true at any other point of the continuum, i e this set of 
equations will be uniformly true all along the continuum But if 
there are irregularities or non-uniformities (moving) at certain spots 
of the continuum, then these uniform equations would get modified 
at these spots We may say that masses aie nothing but non- 
umformities m otherwise uniform continuum and these modified 
equations are nothing but Einstein’s so-called gravitational 
equations There is one intrinsic property of Nature, viz., that if a 
point (or call it more accurately a point-event) is placed somewhere 
in the continuum, it will geometrically chalk out amidst the 
(moving) neighbouring masses such a path along which it will 
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experience (as it were) the least resistance Such a path is called in 
geometry the “Geodesic 

It can be explained very simply and popularly, but not rigor- 
ously in the following way 

If there are two points A and B on a plane surface and if 
there be no obstruction between them, then the path of least resist- 
ance between them will be the straight line between them But if 
there is a steep hill between A and B then the path of least resist- 
ance will bend round the hill 

On the surface of a sphere the geodesic between two points is 
the arc of the great circle between them A plane intersects a 
sphere along a circle, and if the plane passes through the centre 
of the sphere then the circle is a great circle For finite distances 
or for tenestrial distances Newton’s formula and Einstein’s formula 
differ by a very small quantity, but when we deal with great astro- 
nomical distances the difference between these two formulae 
becomes very marked, and m such cases we have to use Einstein’s 
formula Also m very small regions or subatomic regions, 1 e 
when we study the nuclei of atoms, we find that Newton’s Dyna- 
mics fails there and the phenomena which we observe there have 
to be explained by Schrodmger’s Wave Mechanics and Heisen- 
burg’s New Quantum Mechanics with the help of Relativity We 
shall have to slick to the theory of relativity so long as we can- 
not get a better theory which will explain all that the theory of 
relativity has been able to explain and also all that Re- 
lativity has failed to explain Indeed with the advent of 
Relativity the age of the mechanical science has passed 
away It has also brought about a tremendous change in the view- 
point of many philosophical notions of the last century More- 
over, mechanical media like the ether do not seem to be a necessity 
now Many careful experiments have been performed to detect 
the motion of the earth through ether but without any success 
So if there be any ether at all the upshot of such experiments is 
that the forces of nature seemed without exception to be parties 
to a perfectly organised conspiracy to conceal earth’s motion 
through ether Perhaps it was necessary for the scientists of the 
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Newton school, who beheved m the theory of absolute motion, to 
conceive an all-pervading ether which must be at rest, but as the 
new group of scientists belonging to the Relativity school bel.eve 
that there is nothing m the universe which can be at absolute rest 
the necessity for having ether has disappeared As the absolute 
position of a point-event cannot be known, and perhaps it has no 
meaning at all, so the theory of relativity has helped in dethroning 
the law of causat on from the position it held as the only one 
guiding the course of the natural world 

Let us now study the circumstances which led to the intro- 
duction of Wave Mechanics 

If we have a source of light, and a big object m front of it, such 
as a table, a desk, a chair, or a house, a definite shadow is throw on 
a screen beyond, but a tiny object, such as a very thin wire, hair or 
a fibre, throws no such shadow If the object is held m front 
of a screen no part of the screen remains umlluminated 
In some way fight contrives to bend round it like a wave and instead 
of a definite shadow we get alternations of light and comparatively 
dark parallel bands These are called interference bands 
Similarly a large circular hole on a screen lets through it a circular 
patch of light on the screen beyond , but if you make a very small 
pinhole then the pattern thrown on a screen beyond is not a tiny 
circular patch of light but a large pattern of concentric rings, in 
which light and dark rings alternate, — these are called “diffraction 
rings ” This is due to the wavy character of light Again Prof 
Compton’s experiment showing that X-ray radiation falhng on 
electrons is scattered by them proves that rad ation also consists of 
material particles of Lght or photons or light quanta, which pro- 
ceed m straight lines Also it is a known fact that a photographic 
plate gams very shghtly m weight when it is exposed to sun light 
on acconut of the weight of the light particles absorbed by silver 
bromide All these show that light is both wavy and corpuscular 
in character Now light behaves Lke particles, and now it 
behaves like waves , no general principle is yet known which can 
tell us what behaviours it will choose in any parfcular instance. 
So there is some uncertainty or mdeterminateness here Perhaps 
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we can preserve our belief m the uniformity of nature by supposing 
that particles and waves are essentially the same thing Let us 
now see how far our supposition is justified Electrons and 
protons are essentially part.cles, but we see that somet mes they 
also behave like waves Indeed experiments were performed by 
Prof Thomson of Aberdeen in 1925, who got diffraction rings pro- 
duced by electrons passing through a minute area of a gold film 
This unmistakably proves the wavy character of the electrons 
Prof Dempster of Chicago performed a similai experiment with 
protons It seems, therefore, that ngredier Is of matter (proton and 
electron) and radiation (light) exhibit dual nature As pointed out 
by G Darwin it is an example of principle of duahty m science 
These dual characters on the part of the electron or the proton are 
not really contradictory We have only to lecogmse that experi- 
ments which evoke the part cle-character of the electron and the 
experiments which evoke the wave-chaiacler of the electron are 
mutually exclus.ve Exper.ments des gred to show the particle 
character cannot enl.ghten us anything about ,ts wave character 
and vice versa There is really no conflict between the two differ- 
ing characters of the electron or proton. It is a case of funda- 
mental duahty. When the electron behaves as a part cle it 
discloses its d’serete character, and when it behaves like a wave, 
which involves continuity as well, it d sclosss Us non-discrete 
character The principle of duality is new m scientific thought, but 
it has already been accepted m Metaphysics There is the dual ty 
between the subjective and the objective, that is, there is funda- 
mental difference between the abstract scientific conception of heat 
and the much more poignant realisation when we burn our finger 
due to heat m fire There is also a fundamental difference between 
the idea of light as a sort of wave propagat on, say of wave-1 engt;h 
1/20000 of a centimetre, and the actual peiception of green light 
So long as only large-scale phenomena are concerned 
an adequate picture can be obtained by supposing them to have 
been produced by particles , but when science passes on to the study 
of small-scale phenomena, matter and radiat on are found to resolve 
themselves into waves. Louis de Broglie of Pans and Schrodmger 
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of Germany have imagined electrons and protons to be systems 
of wave-centres from which groups of waves emanate They have 
founded that branch of mathematical physics which is called 
Wave-mechanics No one can assert “I can see the elec- 
tron and clearly it is not a system of waves,” for not one 
has ever seen an electron or has really the remotest con- 
ception as to what it looks like, whereas on the other hand Thom- 
son’s and Dempster’s experiments have shown that diffraction rings 
of electrons and protons can be formed In wave-mechanics we 
also calculate probabilities, we say that electrons and piotons are 
at those points where the probabilities are maximum for the centres 
of emanations of waves to exist 

But the principles of mdetermination achieved its crowning 
glory when Heisenburg formulated his New Quantum Mechanics 
He dealt with the statistics of discrete quantities and so he had to 
make use of the ‘‘Theory of Groups” or the ‘‘Theory of Matrices 
Heisenburg’s principle is known as ‘‘the principle of mdetermma- 
tion.” The law of causation has now lost its supreme position 
G Darwin has thus explained Heisenburg’s principle of mdetermin- 
ation “The main character of a wave is its wavelength, 1 e the dis- 
tance between the successive crests of the wave, whereas the main 
characters of a particle are its position and speed There is a 
simple relation between the speed of the particle aspect of the 
electron (or proton) and the wavelength of its wave aspect They 
are inversely proportional, 1 e the slower the electron the gi eater 
is its wavelength 

‘ ‘A wave of wavelength X cm does not by any means imply 
two crests X cm apart, but it means a regular train with crests 
spaced at intervals of X cm and spreading to infinity in both direc- 
tions ” It involves the idea of continuity, and its non-discrete 
aspect cannot be overlooked 

To crystallise our idea let us take for the moment a “wave 
packet” instead of wave motion spreading to infinity A wave 
packet may be supposed to be composed of a number of crests at 
equal intervals surrounded on both sides by quiet region If this 
wave packet represents an electron wave, then we may say that 
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the electron particle is somewhere within the packet, and 
we can defimtely assert that it cannot be anywhere with- 
in the undisturbed region outside the packet As the 
packet of waves advances it spreads so as to increase 
gradually in size The rate at which it increases depends upon 
its size A long packet with many crests will spread slowly and 
a short packet containing just a few crests will spread rapidly The 
wave is spreading and the paiticle may be anywhere m the packets 
If the particle is moving at the head of the packet, it would be 
moving faster than if it had moved with the tail The particle would 
be going still faster if it had staited at the tail and ended at the head 
So along with the position, the speed of the particle is to 
some extent uncertain In a very long packet, the position of the 
particle is very uncertain but as such a packet spreads very slowly 
the speed is rather precise In the case of a short packet the posi- 
tion is rather precise but as it spreads very rapidly its speed is 
very uncertain Mathematically the product of these two uncertain- 
ties is found to be almost equal to one It can be mathematically 
calculated that if X ~ 7 cm then such a wave system will 
correspond to a particle which would move at the rate of 1cm 
per sec The question vs where in all this wide region is the 

particle^ The answer is that it may be anywhere At 

first it appears to be contradictory to common sense and one is apt 
to think that after all it must be somewhere, and there should be 
something corresponding to it in the wave aspect But we shall 
see presently that there is sense in this aspect of uncertainty 

So we have seen that instead of certainties we have to deal 
with probabilities and the theory of chance has been raised to a 
more important position than what it used to occupy before 
Closely associated with the principle of uncertainty is the question 
of free will G Darwin has very aptly pointed out that there are 
two radically different types of the free will — say, my free will and 
your free will When I thmk about my free will, 1 conceive myself 
making definite and arbitrary decis’ons without reference to any 
causes whatsoever, such as my decision to raise or lower 
my hand When I observe you? free will it seems to me that 
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there is capriciousness in your actions, and so far as I am concerned 
there is a perfect uncertainty as to whether you will raise or lower 
your hand although you would cla m that for yourself you are 
displaying the same sort of free will as my own free will But so 
far as I am concerned your actions have the same sort of uncer- 
tainty as that displayed by the electron 

Rutherford and others proved that matter is electrical 
m structure and all physical phenomena are ultimately electrical 
Now wave mechanics has reduced the whole matter m the universe 
to a system of waves , electrons and protons behave as groups of 
one kind of wave emanat.ons, and radiation consists of another kind 
of waves If that is so, transformation of protons and electrons 
into light energy or photon is possible If an electron and a proton 
in free state come together and collide with tremendous speed, the 
positive and the negative charges will be neutralised and it is quite 
conceivable that the combined mass will be transformed wholesale 
into 1 ght energy, 1 e , a light proton 

Now radiant energy consists of waves which travel with the 
velocity of light, whereas matter waves travel more or less slowly 
Jeans has mentioned that radiation is perhaps matter moving with 
the velocity of light, where matter is nothing but radiat’on moving 
with a speed less than the velocity of light ; or it can be said that 
matter is congealed radiation or bottled up waves, whereas radiation 
is free and unbottled wave moving with the velocity of light 

Now the theory of the expanding universe will be briefly 
discussed According to the theory of relativity the space-time 
continuously gets curved due to matter inside it, just m the same 
way as the surface of the earth is curved (or feely gravitating 
matter gets the curved spherical form) Just as a curved 
line (which is of one dimension) on the surface of a sphere or the 
surface itself (which is of two dimensions) is embedded on the 
sphere which is of three dimensions, so we can imagine that our 
space-time world is embedded as a bounding surface of an enclosed 
reg on of a continuum of more than four dimensions and 
which continuum may extend to infinite m all directions A 
universe entirely devoid of matter would have its space- 
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time continuum entirely uncurved, as there will be no matter to 
bend it and perhaps it will be of infinite size As the universe 
is not empty, its size and shape will be determ ned by the amount 
of matter it contains 

Now Einstein’s law of gravitation conta’ns a cosmical term 
which physically represents repulsion dnectly proportional to 
distance For smaller distances or in ordinary application to solar 
system it can be neglected, but for sufficiently great distances it 
becomes repulsion This is what may be called the cosmic 
repulsion and we shall try to give a physical interpretation of it 
later on It seems likely that our universe started with a balance 
between gravitational attraction and cosmic repulsion This static 
universe is the so-called Einstein’s universe Abee Le Maitre, 
a Belgian mathematician, has shewn that such a universe 
is unstable and cannot stay at rest for long The slightest dis- 
turbance would cause either repulsion or gravitational pull (used 
subjectively) to get the upperhand So the universe would start 
at once to expand to infinite size or to contract to a nucleus 
De Sitter of Leiden also discovered separately from mathematical 
calculations the tendency of our universe to expand or contract It 
is a known fact that the noise emitted by a motor car horn or the 
whistle of a railway engine sounds lower in pitch when it is re- 
ceding from us On the same principle the light emitted by a 
receding body appears lower in frequency 01 redder in colour than 
that emitted by a body relatively at rest In the case of 
an approaching body the shift of the spectral line will be towards 
the violet By accurately measuring the shift of well-defined 
spectral lines of the light emitted by an approaching or a receding 
body the velocity of approach or of recession of the body can be 
found out 

Dr Hubble of Mount Wilson Observatoiy found from the 
amount of shift of the lines towards the red that a nebula, which is 
ten million light years away has a speed of recession of 900 miles 
per sec. A light year is the distance which the light takes a year 
to travel — it is an astronomical unit of distance for very great dis- 
tances It is also found that the remotest spiral nebulae have 
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of this theory, a nebula which has receded to a distance of 1 ,800 
million light years ought to have the limiting velocity equal to 
that of light Now as matter m this physical universe cannot have 
any velocity greater than the velocity of light, one can naturally 
ask what will happen next It has been suggested that matter 
possessing velocity greater than the velocity of light belongs to a 
different disconnected world which cannot bear any physical rela- 
tion to us This is only a suggestion which cannot possibly be 
verified at present Now mass of a receding nebula becomes in- 
finite when in the limit it attains the velocity of light, and one may 
reasonably ask how this tremendous increase in the mass has been 
brought about ^ 

These are the difficulties which have not yet been satisfactorily 
explained 

Now let us try to give some sort of physical explanation for 
the cosmic repulsion It has been discovered that, a kind of highly 
penetrating radiation called the cosmic radiation now falls 
on the earth This radiation can penetrate several yards of lead It 
is a known fact that ultra-violet light can penetrate farther through 
the skin than the ordinary sunlight X-rays have a still greater 
penetrating power than ultra-violet rays, but nothing yet has been 
found to be so penetrating as the cosmic radiation It is found 
that high pitch m radiation is accompanied by the highly penetrat- 
ing power of going through the solid matter In the words of 
Jeans it is as if the waves wriggled so rapidly (the frequency being 
very high) that the atoms could not stop them Violet light is 
one octave higher than the red light and cosmic radiation is 28 
octaves higher than the red light 

Our sun is at a temperature of 50 million degrees at 
the centre Many of the stars are more or less at the same 
temperature or even at a higher temperature Many electrons and 
protons may be m free state there, and are moving about with 
tremendous speed Jeans suggests that very frequently an 
electron and a proton come together and collide with tremendous 
force on account of very high speed The positive and the negative 
charges become neutralised and the combined mass is completely 
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transformed into radiant energy or a photon and this radiant energy 
comes to us in the shape of cosmic radiation As more and more 
cosmic radiation is produced cosmic pressure increases and the 
bounding surface of the universe expands But there is one strong 
point against Jeans’ theory of production of cosmic radiation If 
collision be the only cause of cosmic radiation then the intensity of 
cosmic radiation cannot be uniform m all directions m high alti- 
tudes as observed by Prof Piccard It should be most intense m 
the direction m which the number of stars is greatest Prof 
Millikan found also that on the earth’s surface the intensity of 
cosmic radiation is uniform m all directions He performed ex- 
periments during the night and during the day and during different 
seasons as well, but he found the intensity of radiation to be more 
or less uniform Prof Millikan’s experiments were not so accurate 
as those performed by Prof Compton Prof Millikan considers that 
cosmic radiation may originate as a by-product m the process 
by which heavy atoms are formed by combination of light atoms 
1 e we can say that “the Creator is still on His job ” If the 
universe has expanded from a congested nucleus of matter, there 
is no spot within the universe which can be absolutely devoid of 
matter But the density of matter or primeval gas is very rare 
between inter-stellar space Now condensation may start at a 
point m inter-stellar space by formation of heavy elements from 
light elements Now when four hydrogen atoms combine to form 
a helium atom, the mass of the newly created helium atom is 3 97 
times and not four times the mass of the hydrogen atom Prof 
Mihkan suggests that the residual mass i e 03 of the mass of the 
hydrogen atom is transformed into radiant energy to be emitted 
as cosmic radiation Dense matter occupies comparatively a very 

small portion of the universe, and formation of heavier elements 

* 

from higher elements may be going on very frequently and sym- 
metrically around us in the inter-stellar space where density of 
gas is very low and the various elements may be m gaseous as well 
as in nascent state. 

This process will give us more or less uniform cosmic radia- 
tion from all directions But very recent experiments initiated by 
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Compton, which are more reliable than those of Millikan, show that 
there is a marked change of intensity of the cosmic radiation in 
different parts of the earth, and that its intensity depends on the 
magnetic latitude Such a relation suggests that cosmic rays may 
consist of swift charged particles instead of mere photons Prof 
Piccard who reached a maximum height of 53,672 ft m his balloon 
on August 10, 1932 found that radiations at such great 

heights was uniform in all directions He provisionally sug- 
gested that the cosmic rays had their origin m stratosphere There 
is one good point about Millikan’s Theory Jeans’ Theory gives 
a very dismal picture of the ultimate fate of our universe Accor- 
ding to him all matter will ultimately be transformed into cosmic 
radiation and no matter will be left m the universe but dead cosmic 
radiation But Millikan’s theory does not give such a dismal 
picture, as dense matter is a^so being created along with the pro- 
duction of cosmic radiation 

Although the law of causality cannot be completely discard- 
ed, the principle of mdetermination and the law of probability now 
play a very important part in guiding the cause of natural pheno- 
mena m our universe The law of causality has been dethroned 
from its unassailable position which it held before The law of 
probability regulating the spontaneous disintegration of radio-active 
substances (or the probable jumps of a, P and 7 particles) can be 
explained a little further in the following way 

Jeans has compared the atom of a radio-active element to a 
party of four card players who agreed to break up as soon as each 
player receives one complete suit A very big hall containing a 
great number (m reality millions) of such parties may be taken 
to represent a mass of 'radio-active substance It is possible to 
show mathematically that if the cards are well shuffled before each 
deal the number of card parties will become smaller and smaller 
according to the exact law of radio-active decay Here the shuffler 
of card may be compared to the so-called fate 

There is a group of mechanical scientists who think that life 
including intelligent life or consciousness has been created out of 
inert matter by means of certain chemical and physical processes 
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They believe ultimately that man will be able to create life 
including intelligent life by such processes They take inert 
matter to be the fundamental or the primeval thing Let 
us examine this question more thoroughly There are only three 
alternative hypotheses that are possible 

(1) Inert matter is the only primeval thing that existed m the 
beginning of this world 

(2) Inert matter and life (in the shape of sperms) are the two 
primeval things which existed independently m the beginning 

(3) Inert matter and life (in the shape of sperms) and 
consciousness are the three primeval things that existed independ- 
ently m the beginning 

The first hj'pothesis is clearly the one which is most unfavour- 
able to the conception of world consciousness Let us take it to be 
granted that inert matter was the only fundamental thing that exist- 
ed in the beginning, then life and intelligent life which we see now 
must have been created out of inert matter by self -evolutionary 
physical and chemical processes I say that the processes are self- 
evolutionary, as from the very nature of the hypothesis no outside 
agency could have been responsible for them So it is quite 
possible that out of the totality of matter m this universe an envelop- 
ing world consciousness might have been evolved by the same sort 
of chemical and physical processes Modern science is now 
guided by the law of probability, and no engineer, scientist or so- 
called mechanical scientist or the materialist can, in my humble 
opinion, logically or scientifically totally exclude the possibility of 
any such world consciousness as some of them did m the last 
century and m the beginning of the present century The pro- 
bability of the evolution of a world consciousness may be great or 
small, but it is not nil No mechanical scientist can dare assert 
that such a probability must be ml 

If we take the second hypothesis we can easily see that the 
probability of the evolution of a world consciousness out of the 
totality of life sperms cannot be nil In the third hypothesis we 
automatically admit the existence of a primeval world conscious- 


ness 
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It is said that Napoleon used to ask, “If God creat- 
ed this universe, who created God ’’ In njy opinion there 
can be only two alternative hypotheses for the creation 
of this universe Either the universe has evolved out of itself or 
some powerful external agency has created it If it is possible 
for inert matter to evolve out of itself, it is all the more possible 
for an all-powerful conscious agency to evolve out of itself So 
there is a great possibility of the universe being created by some 
external powerful and conscious agency which has evolved out of 
itself (^gqrg) We know that the circulation of blood and 
respiration both of which seem so natural are functioning auto- 
matically m the human system but they are controlled by some 
active brain-centre , so it is quite possible that the laws of Nature 
which appear so automatic are controlled by some world force or 


consciousness . 



Voice of Insects 

B\ Durgatlas Mukerji (Calcutta) 


The evolution of a parallel type of social structure in the 
insects and the higher vertebrates can easily be understood by 
drawing a comparison of some aspects of their social habits 

As immense time and change rolled on since their first 
appearance on the earth m the remote past, the vertebrate series by 
evolutionary process reached the mammalian stage and culminated 
m man, while the insect developed into such social forms 
as ants, bees, — the social organisation of which rivals that of man, 
and is unparallel m any other class of the animal kingdom The 
social insects display in their gregarious habit, division of labour, 
the care of young, fraternal love, tribal animosity, architecture of 
building and foraging habit, a proof of what may be called, accord- 
ing as the disposition of our mind, intelligence and finer feelings, of 
no mean order Where social life is so much m advance, the exist- 
ence of faculty of speech can naturally be expected, and 
the mechanism of the organ of voice deserves more than a passing 
mention 

While mammals acquire prominence, by virtue of their 
relation to man, the tiny insects being placed as a thread 
m the web of life that binds the interests of man occupy 
a no less important place m the economy of life In- 
sects yield to man the sweetest of food, namely honey, satisfy 
his vanity by furnishing him with silk, help 'him in raising a 
bounteous crop by pollination of flowers, and teach him moral 
lessons of the value of self-sacrifice and devotion to community as 
exemplified by the life of the bees, ants and social wasps They, 
on the other hand, wage war against mankind by devastating his 
crops and levying a heavy toll of death by spreading pestilence 
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and disease Their plastic habits have made it possible for them 
to invade land, water and air, and to-day they by their overwhelm- 
ing force of number, challenge the supremacy of man and his 
kindred 

Nevertheless the superiority of man cannot be gainsaid The 
phenomenal success of man, however, cannot be ascribed to intelli- 
gence and memory alone With the dawn of man, power of 
speech came to him as a gift This capacity of expressing one’s 
thought, ideas and experience m articulate language, to the benefit 
of others of his km, opened the way foi education and consequent 
uplift of mankind in the scale of evolution 

The question may, therefore, be asked, do insects too possess 
a voice The croaking of frogs, the note of birds, the howling 
of jackals, and the humming of bees remind us that man has not 
the exclusive right of speech, but he certainly has a mastery over 
modulations of voice that are unknown m the domain of the animal 
world It is believed, since insects were evolved earlier than 
the higher vertebrates, that long before frogs croaked, birds sang, 
or man developed the ethical sense of music the insects proclaimed 
themselves as the earliest of the terrestrial musicians (Lutz, Insect- 
sounds, Bull , Americ Mus Nat Hist 1924) In fact, a large 
number of species of insects, belonging to different orders, 
is known to produce sounds 

Whatever name — voice, song, or noise — we may give to insect- 
sounds, it does not matter so much, as the significance of these 
sounds to insects seems to us partly by reason of our failure to 
appreciate the difference between them more or less to be the same 
The communication of messages or call among individual 
members of a species by means of production of sound marks 
a step forward in the progress of the social organisation of animals 
concerned The voice guides them to profit by the experience of 
others in the easiest manner, tells them about the danger and 
advantages of life and enables them to speak love-language for 
the attraction of youth It is, therefore, not an unimportant factor 
in the struggle for existence 

The ability to produce sound implies on the part of the same 
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msect the existence of an organ of hearing The migratory 
locusts and the crickets which are provided with a mechanism for 
production of sound possess an auditory organ In some 
insects the organ for the production of sound is limited to one sex, 
the opposite sex playing the role of the listener The mosquito 
whose female is eloquent when m love comes under this category 
In Cicada the male sings while the female is dumb Evidently 
these are instances of sex call The workers of the Ponerine ant 
Lobopelta pequeti which are seen in the fields of Bengal to march 
two abreast (Mukerji, Jour Bomb Nat Hist ) when disturbed, 
raise a hue and cry loud enough to reach human ears, and 
their sentinels respond by assuming fighting attitude The 
virgin queen bee, jealous of her probable rivals, gives 
vent to her emotions by a war-cry, that is understood by the 
inmates of the hive and even can be heard by an apiarist The 
sound-producing organ, however, is not always known to be corre- 
lated with an organ of hearing and Vice Versa The insect may per- 
ceive, for instance, vibrations of air or a disturbance caused by a 
foot-fall and transmitted through earth, but may be unable to make 
any noise on its own part The reverse is equally true These mean, 
then, that the individuals of the same species are incapable of com- 
municating with each other by voice Presumably in. such cases if 
the auditory organ is lacking, the purpose of sound is to frighten 
foreign enemies A sphingid larva (caterpillar) in the hills makes a 
hissing sound on being touched (Lefroy, Insect Life, p 722, 1909) 
It should, however, be remembered that if the sound is produced 
accidentally, that is, without any intention on the part of the insect, 
as it is likely to happen when the wings are set m rapid vibration 
during flight or when the insect unwittingly collides against an 
object, the sound loses all biological significance indicated above 
On the contrary, where the insects are believed to be deaf of mute, 
it is possible that the sound emitted by the msect is of such a pitch 
as cannot make any impression on human ears, and the auditory 
organ of the insect, not having had the form of an ear, might 
have been missed by an observer This seems so, as the position 
as well as structure of the auditory organs vary m different species 
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of insects Thus, the auditory organ is situated on the sides of 
the base of abdomen of the migiatory locust, on the legs of crickets, 
and at the base of the antenna in the mosquito In some the organ 
of hearing lies hidden within the body The auditory organ m 
the first two cases is composed of a drum , in the mosquito the 
whorls of long hairs in the antenna of the male catch the sound 
The essential part of the auditory organ in the insects is not the 
drum which, if present, acts like a sounding board, but is composed 
of a microscopic rod floating withm a cell at the terminal end of a 
sensory nerve arising from the ventral nerve cord 

But is voice indispensable^ Sense of touch, taste, smell and 
vision are the primary mechanisms by which an organism can 
transmit or receive impressions to and from outside The function 
of one type of organ, however, can be replaced or supplemented 
by another It is believed, if new needs arise as the result of change 
of conditions of life, a new hab’t arises to meet the new wants, 
or rather a newly arisen structure for the purpose of efficiently 
carrying on a certain function which the new habit demands may 
lead to the development of a definitive organ 

Ants in general, for example, search food, find their 
way home, recognise their friends, communicate with each other 
by maens of antennae or feelers without depending on organ of 
vision or voice The woikers of the driver ant Dorylus, a species 
of which I had the pleasure of reporting from Calcutta (Unit) 
Jow Sci Col , 1925), have by their actmty made themselves a 
terror to the underground world where they dwell, and although 
they are perfectly blind, they move m colonies in search of prey, 
being guided evidently by sense of smell and touch Whereas 
in certain species of ants such as Lobopelta or Sima etc , organ of 
voice has been evolved in addition to other sensory structures. 
Paradoxical though it may seem, the possession of the sound- 
producing organ, inspite of the advantages which it confers upon 
the possessor, is not an absolute necessity Poor consolation m 
deed for the deaf and dumb hexapod creatures 1 

As to the quality of voice, it may be a faint squeaking, 
rasping, buzzing or whistling noise, either continuous or mter- 
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mittent Anybody who has heard the shrill persistent or rather 
monotonous chirping of the grylhds that are common m the dwell- 
ing houses of Calcutta, or the orchestra of mosquitoes, or the 
humming of bees need not be told about the specific 
nature of note of each species None of these, however, 
can beat the high pitch of voice of the famous Cicada 
Much has been written about the song of Cicada and I would 
like to add here my observations made while out with a party 
of students on a zoological excursion at Cox’s Bazar on the Chitta- 
gong sea-coast It was towards evening in the hot month of May 
We stood on the summit of a hillock Below was a valley or 
rather a depression of the earth The place was rich m vegetation 
We heard the united voices of several insects coming up from below 
We went down to the valley But the music suddenfy stopped We 
learned from Fabre, the great entomologist, that noise from outside 
did not disturb the song of Cicada, but it did not seem possible 
either for the songsters, that were far off from us, to 
see us in a dim light and through the thick foliage of trees We 
felt perplexed at the silence and one of my young zoologist friends 
whispered that it was the hissing noise of snakes 1 Silence was 
broken, slowly rather timidly a musician from a distant bush began 
to sing Its immediate neighbours joined it and gradually others 
took up the tune till the whole place was ringing with one shrill 
voice It was chorus singing of Cicadas and we could hear one 
singing close to the place where we had been standing still We 
followed the direction of sound He ceased at once singing, and 
others in the neighbourhood followed suit till stillness prevailed 
again Did he whistle to others announcing the presence of the 
uninvited guests at the musical soiree ^ We flashed the torch and 
could see a winged musician resting on the trunk of a tree As 
we drew near he evidently saw us by his big eyes, hopped up 
higher and at last flew away to a distant bush The chorus was 
started again and went on undisturbed I believe that when 
Cicadas are m a musical mood, they may stop singing for a while, 
if disturbed, for the sake of safety, but they would not cease 
altogether from joining the chorus. 



Voice of Insects ^£j j 

Attempts have been made by various investigators to analyse 
the sound of insects by the application of the methods of physics 
Amplitude and frequency of vibrations of insect sounds have been 
determined in a few cases and musical notations have been pre- 
pared Several authors claim to have succeeded in stimulating 
the auditory hairs in the antenna of the male mosquito into vibra- 
tion by sounding tuning forks, the frequency of which correspond- 
ed with that of the note emitted by these insects In such a case, 
if the theory of sexual attraction of insects by voice holds true, then 
the possibility of entrapping injurious insects by artificial sound of 
suitable pitch cannot be ignored 

The various methods by which sound is known to be pro- 
duced by insects can be grouped as follows — ( 1 ) By tapping a 
part of the body against an external object, as for instance, against 
the wooden wall of its nest Some of the beetles which burrow 
m timber make noise m this way ( 11 ) By rubbing one part of 
the body against another Production of sound in this way, there- 
fore, involves the principle of friction The surfaces which are 
rubbed against each other are rough and one acts as the file, the 
other scraper Sound produced in this way is said to be caused 
by stridulation The migratory locust rubs its thigh (femur) which 
contains pegs, against the hardened edge of its upper wings In 
the crickets the upper wing is crossed over the left and the two 
are set m rapid vibration causing friction between them In the 
large Cerambicid beetle the neck is moved over the trunk thus 
producing a rasping noise In the ant Lobopelta pequeti 
the anterior and the posterior portions of the abdomen which are 
separated by a constriction are moved against each other (in) 
By the rapid vibration of a membrane of a drum, caused by the 
action of a muscle attached to it The drum is set in a chamber 
in the body and is co\ered by a lid by the opening and closing 
of which a rhythmic change m the intensity of sound can be 
effected This musical instrument is very complicated and 
is peculiar to Cicada alone (iv) By the rapid vibration of wings, 
as in bees, flies, and mosquitoes The house-fly hums F and 
vibrates its wings nearly 345 times per second In the bee which 
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makes a sound of A the vibrations of wings are approximately at 
the rate of 440 in a second (v) By the vibration of a chitmous 
fold or membrane, caused by a forceful passage of air from the 
trachea into the spiracles The buzzing noise of certain flies, the 
bees and May beetle is believed to be made m this way 

The reality of the existence of the last method, however, has 
been seriously questioned Comstock, Introduction to Entomology, 
p 91, 1925) In view of the importance of this question I give 
below a brief explanation of this mechanism and would like to 
discuss elsewhere the controversial points in the light of my own 
observations 

The insect does not possess, like a higher vertebrate, a lung, 
or larynx It contains within its body a system of air-pipes called 
tracheae which open to the exterior by a definite number 
of apertures called spiracles or breathing pores Atmospheric air 
is conducted through the spiracles into tracheae which send 
off branches in different directions all over the body, supplying each 
and every tissue of the body , thus air is brought into direct contact 
with the tissues of the insect body so as to feed the tissues with 
oxygen The used up air is led back and exhaled through 
spiracles In the higher vertebrate, air is drawn through the 
windpipe into the lung, but cannot directly pass from there into 
other tissues of the body In such a case blood corpuscles flow 
into the lung and fix there oxygen On their return journey these 
seek out different tissues m order to supply them with oxygen 
they carry Inspite of this difference in respiration, the process 
of producing sound by the emission of respiratory air m 
the insects and higher vertebrates seems analogous In the 
higher vertebrate the voice is caused by the vibration of the vocal 
cords set m by a current of air which is forced out of the lung into 
the windpipe and larynx In the insects the air contained m the 
trachea when forcibly driven to the exterior through a spiracle 
would similarly set into vibration a fold or membrane hanging 
inside the spiracle or m the trachea and thus lead to the production 
of sound Those insects which are endowed with this type of 
mechanism, therefore, can be said to possess a true voice, compar- 
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able to that of man and the higher vertebrates But if the doubts 
about the reality of the existence of this method in the insect as 
a class be well founded, the term voice, in the strict sense, would 
appear to be inappropriate 

Landois in his classical paper ( Zs PEiss Zool 1867) proved 
the existence of the afore-said type of mechanism He removed 
the wings of insects and showed that sound was accompanied by 
the emission of air from the spiracle The authors of the opposite 



Tig 1 — Diagram of tbe Cybiilcr larva showing Us methods of respiration bj 
raising the tip of the toil containing the tcrminn! pair of spiracles above the surface of 
the water Note tho lateral series of spiracles on the side of the body 

s , mcsothoracic spiracle s )t 7th abdominal spiracle s J0 , the terminal spiracles 

school (vide Comstock, Introduction to Entomology) who denied 
in toto the existence of such a mechanism maintained that sound 
produced after the removal of the wings was caused by the stump 
of the wing-base left inside the body, or upheld the view that it 
was caused by the changes in the contour of the thorax due to the 
action of the powerful wing musculature 

No decision can, however, be arrived at as the previous authors 
experimented on insects provided with wings and it was hard to 
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disprove that the wing-base hidden mside the body did not cause 
sound by its action 

A reconciliation of the rival theones would, however, 
be possible if an insect be found which should be devoid of w.ngs 
and without any wing musculature, and could emit a note by the 
escape of tracheal air through spiracles This happy condition 
was observed by me in the larva of the large aquatic beetle 
Cybister of the Dytiscidae family ( Journ Bom Nat Hist 1930) 
The larva had this additional avantage that though it was 
aquatic m habit, it retained the terrestrial mode of respiration, and 
therefore, production of sound by the emission of air through 
spiracles could be demonstrated by immersing the live specimen 
under water without hurting the animal It may be noted that 
previous authors considered these lateral spiracles closed and 
naturally missed the points discussed here 

Later on I made a detailed study of the respiratory system 
including the minute anatomy and function of the spiracles of the 
Cybister larva and came to the conclusion that all the spiracles 
were open and that sound was produced by the mesothoracic 
spiracles alone when the body was flexed in the middle region 
(Achm Zool Expt Pans, 1930) 

As the sound-production m this insect larva throws much 
light on the disputed question, a brief explanation of its respiratory 
system and the mechanism of sound-production is given below 

In the Cybister larva there are ten pa rs of spiracles serially 
arranged on the body (fig 1 , Sj- s I0 ) Of these nine pairs occur on 
the side and are cabled lateral spiracles These are distributed as 
follows (a) two pairs on the thorax, — of which the 1st pair (count- 
„ ing from the anterior, i e the head end) is known as the meso- 
thoracic spiracles (fig 3, s,) (b) seven pa rs on the abdomen (fig 

1 , 3, So- s n ) The tenth pair also belongs to the abdomen and is 
peculiar m being situated at the tip of the tail end of the larva 
and hence indicated here as the terminal spiracles (fig 1 , s 10 ) The 
terminal spiracles are periodically raised above the surface of water 
for taking m and giving out air for resp T ration (fig 1) Now 
it has been reported by me that the mesothoracic spiracles (i e the 
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first pair) emit sound when the larva is attacked It may, there- 
fore, be asked why other spiracles, which are open like the first 
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Fig 2 — Diagrammatic representation of the structure of the mesothoracic spiracle, 
showing the internal valve and the closing appa-atus Note the undivided spiracular 
branch 

o, external aperture of the spiracle cu, cuticle, c, closing apparatus v, valve, oc, 
outer chamber , ic, inner chamber m muscle , tx, flexible wall of the inner chamber 
of the spiracle, tr, spiracular branch, ttr, tracheal trunk 
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m the sense that air from tracheae can escape through them, do 
not pertake in the sound production The anatomical peculiarity 
of the first pair gives the answer The mesothoracic spiracle as 
will be evident by a reference to the figure 2 is divided into 
inner and outer chambers which communicate with each other by 
means of narrow slit guarded by a valve The valve (fig 2, v) 
projects into the cavity of the spiracle and constitutes a part of the 
closing appartus that encircles like an elastic ring the wall of the 
spiracle By the action of the cosing apparatus (fig 2, c) the 
slit can be shut or opened A strong cuirent of air from the 
tracheal trunk sets into vibration the valve and thus pro- 
duces sound The contractibility of the inner chamber seems to 
help also m producing an outward current Such a projecting 
valve or a vibratory membrane, either within the second thoracic 
or in the terminal abdominal spiracles, is absent, and on account 
of this and other structural differences previously recorded by me, 
these spiracles are precluded from emitting any -sound But such 
an explanation seems untenable in the case of the seven lateral 
abdominal spiracles (s 3 - s 3 ) which, as shown by me in my paper 
cited before, are identical in structure to the mesothoracic spiracles 
m having had the inside valve (fig 2, v) For the solution of the 
riddle why the mesothoracic and not these abdominal spiracles 
act as the organ of voice we should look elsewhere 

There are two mam tracheal trunks of large calibre, one on 
each side, running lengthwise through the body (fig 3) These 
trunks posteriorly (l e towards the tail end) open directly into the 
terminal spiracles, thus facilitating the filling up the tracheal trunks 
with air and carrying on gaseous exchange necessary for respira- 
tion (fig 3, spt ) Each of the lateral spiracles (i e the first nine 
pairs), however, is connected with the mam tracheal trunk of the 
same side, by means of a short trachea of narrow bore (fig 3) 
This connecting trachea is spoken of as the spiracular branch 
(fig 2) The spiracular ( branch except in the 1st thoracic and 7th 
abdominal spiracles soon after its origin from the mam trunk gives 
off two side branches having separate independent destination (fig. 
3, bms, bps) As a result of this division of the spiracular branch, 
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the current of air on its way from the mam tracheal trunk to the 
spiracle, becomes diverted to some extent along these channels, 



Fig 3 — Diagram of the respiratarj’ of the Cybistcr larva, showing the 

method of connections of spiracles with the tracheal trunk Note the division of the 
spiracular branches situated in the middle region of the body 

s 1 — s fl , lateral sp'racles, s l(j , terminal spiracles, s l , spiracular branch of the 
mesothoracic spiracle, ~ 3 , the first abdominal spiracle, s^, the seventh abdominal 
Spiracle , ttr, tracheal trunk , bms bps, side branches of the spiracu'ar branch , spt, 
posterior limit of the 10th pair of spiracles, tcs, tci, branches of the tracheal trunk 
supplying the head 
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and the pressure of air exerted on the spiracle from inside conse- 
quently is too feeble to cause sound b} r the vibration of the internal 
valve On the other hand, the connection of the mesothoracic 
spiracle (i e the first pair of the series) with the tracheal trunk is 
different The branch supplying the mesothoracic spiracle goes 
undivided from the main trunk to the spiracle (sj m the figs ) The 
piessure of air exerted on this spiracle becomes, therefore, suffi- 
ciently high to set into vibration the inside valve, and thus to cause 
sound This mode of connection curiously enough is also shared 
by the seventh abdominal spiracle (which is the 9th m the series) 
But here the pressure, unlike in the mesothoracic spiracle, cannot 
reach so high and that for a different reason An undivided spira- 
cular branch is the conduit for the transmission of air to a spiracle, 
but this itself not having the power of contraction or expansion 
cannot be the cause of generating high pressure of air contained 
within a trachea A bending or squeezing of the body brought about 
by the activity of the body musculature tells upon the mam 
tracheal trunks and thus forces a strong current of air from the 
main trunks through the connecting branch to the spiracle con- 
cerned and thereby creates a piessure It has been observed by 
me that at the time of emitting sound the larva flexes its body 
m the middle region, so as to cause emission of a strong current 
of tracheal air through the mesothoracic spiracle, by forcibly driving 
the air contained in the tracheal trunks forwards and laterally. 
No such pressure can be exerted on the seventh abdominal spiracle 
(s 9 ), as no construction of the body takes place in the region of 
the seventh spiracle or the adjacent spiracles I believe, it is for 
this reason that the seventh abdominal spiracle, inspite of its re- 
semblance to the first spiracle in structure and mode of spiracular 
connection, is prevented from emitting a sound It is also worth 
noting that the diameter of the tracheal trunk in the middle region 
of the body is larger than that of the anterior or posterior regions 
Further, each of the tracheal trunk m the region of the prothorax, 
that is, a little ahead of the level of the mesothoracic spiracles, is 
divided into two long branches with narrow bore (fig 3, bms, 
bps) These course forward mto the head and subdivide there. 



Voice of Insects 


459 

i 

Owing to this arrangement, when the volume of air contained in 
the tracheal trunks is pressed forward m the direction of the thorax 
and head by the muscular contraction of the body, considerable 
resistance is offered to the passage of -air through these branches 
supplying the head, and the current of air, therefore, is forced to flow 
through the first spiracle where the resistance is comparatively less, 
the corresponding spiracular branch being short in length The 
explanations given above fit in with the facts observable m live 
specimens kept under water Bubbles of air issue out m quick 
succession through the mesothoracic spiracle accompanied by 
emission of sound, while small vesicles of air are found only 
adhering to the external rim of other spiracles 

It is clear from the above that the theoiy of sound production 
advocated by Landois stands on a firmer basis than admitted by 
most zoologists, and there could be no doubt about the existence 
of a true voice in certain insects 

Our knowledge of the insect songsters of India, however, is 
meagre, and there is a wide scope for investigation along these 
lines 

The diverse mechanisms by which insect sounds are 
produced tend to the conclusion that a thing can be done m more 
than one way 
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On the festive occasion of his seventieth birthday, I wish to 
offer my humble fehcitat’ons to Sir Prafulla Chandra Ray who, by 
his devoted work of half a century, has created a school of chemical 
research m Calcutta and has successfully reared the Bengal Chemi- 
cal and Pharmaceutical Works and who has latterly directed his 
beneficent attention to the removal of illiteracy and poverty among 
the rural population of his province Furthermore, he has made 
the chemical world his debtor by the publicat'on of his two volumes 
of “The History of Hindu Chemistry “ He had patiently 
searched many an old Sanskrit manuscript or nuggets of alchemi- 
cal lore and had woven a splendid texture wherein he has proved 
that alchemy m India had an independent existence and growth 
and the knowledge of the Hindus of those days in technical arts and 
chemical manipulations suffered m no way from a comparison with 
the similar knowledge that existed at the time in other parts of the 
world Eminently a Doctor of Nitrtes, he sometimes used to call 
himself as a Doctor of Doctors in the presence of his Doctor students 
who are really large m number and who have carried his inspira- 
tion to all parts of India Such an eminent Indian scientist 
deserves all possible recognition and congratulation from his old 
pupils and admirers on his seventieth birthday May he live 
long to see his country getting more and moie famous in the scienti- 
fic world of the day 1 

In his admirable History of Hindu Chemistry he has naturally 
restricted his attention to the available Sanskrit manuscripts and 
has traced the growth of alchemical and chemical ideas as revealed 
in them from century to century He had worked hard at this 
for more than fifteen years and the publication is nearly quarter of 
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a century old I wish to serve him, at his seventieth birthday feast, 
a tiny dish of alchemy as is found in the extreme south of India , 
for m the extreme south of India there exists a language, Tamil, 
which has always claimed an independent origin and growth and 
has to its credit a hoary literature of ancient times and has survived 
the onslaughts of many foreign languages with a possibility 
of absorbing many of these tongues in its fold and thus 
proving its virility , and m that language is found a con- 
siderable body of literature devoted to Alchemy, Alchemy 
and Yoga, Alchemy and Medicine, much of which has 
been published and more yet remains to be published These are 
not referred to m his book by Sir P C Ray for obvious reasons, 
and I desire now to present a bare outline of the alchemical works 
m Tamil 

There is still a necessity for the study of alchemical works in 
all languages , for alchemists are present with us even in 
the twentieth century and Alchemy has been the direct ancestor of 
Chemistry As E J Holmyard observes, a great deal of work 
remains yet to be done if we wish to get a clear picture of the 
development of chemical thought throughout the ages In his 
opinion even the eighteenth century literature has been insufficient- 
ly studied and the previous centuries get hazy The first step to 
rectify this unsatisfactory state of affairs is an investigation 
and classification of all materials m all languages at our disposal 
Greek and Latin manuscripts have been critically studied for a 
long time and recently Arabic and Chinese manuscripts are being 
scrutinised at the places of their origin A comparative study of 
the chemical thought contamed m these wntings is attempted by 
eminent chemists of the present day 

It was a pet theory of many European scholars that all know- 
ledge came ultimately from Greek and Roman sources In recent 
times they have cast their eyes further east and are discovering the 
possibility that many departments of knowledge might have 
originated m Arabia, Persia, India and China M Berthelot con- 
sidered that Chinese Alchemy was derived from the Arabs, and 
Lippmann elaborated it by saying that it was introduced by the 
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Arabs mto China towards the beginning of the ninth century A D. 
J R Partington is of the opinion that an Indian or Chinese origin 
is possible for even Arabic Alchemy in the tenth century O S. 
Johnson regards Chinese Alchemy as an indigenous growth arising 
from the system of Taoism But Laufer and Lippmann agree 
that Alchemy was an entirely foreign element in Chinese thought 
and Laufer has attempted to prove that it reached China from India 
m the third century AD or even earlier All these changes of 
view among scholars show that there is thirst for fresh material 
so as to clarify the confounded and lllfound guesses of early 
writers Sn P C Ray has abundantly shown that Alchemy in 
India was closely associated with the Hindu and Buddhistic tantras 
of the early centuries and that, during the downfall of Buddhism 
m India, the Buddhist scholars carried their knowledge to Tibet, 
China and other places, and even translated their old writings into 
the languages of the places where they took shelter Evidence is 
fast accumulating to show that there has been a constant inter- 
course among the early civilised inhabitants of China, India, and 
the Mediterranean countries South India seems to have been 
particularly favourable for the easy intermingling of such people 
by sea and we have got the impress of their stay recorded in some 
of the known literature of the land 

After an elaborate discussion about the fusion of the Hindu 
tantraic cult with that of Buddhism from the second century A D 
onwards, Sir P C Ray has constructed a superb niche for 
Nagarjuna, who inaugurated the blend of the two tantraic cults 
with which Alchemy m India had a close association Barth has 
said that “The obscenities of the Saivite Tantras have deeply in- 
fected the Buddhist Tantras of Nepal and through them the 
Tibetian translations, the majority of which are of a date prior to 
the ninth century ” He further says, “Far purer is the form m 
which Civaism appears m the Tamil Poetical effusions of the 
Sittars (in Sanskrit Siddhas) ‘perfect ones ’ We know but little 
of the sect from which these compositions emanate , at the present 
day it appears to be extinct , but hymns themselves have retained 
then w popularity, notwithstanding the peremptory way m wh’ch 
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they denounce the most cherished beliefs of the masses They aie 
compositions, in general, of no great age going back not more than 
two or three centuries, although they circulate under the names of 
the famous saints of antiquity, such as Agastya the fabled civiliser 
of the Dekkan and his not less fabulous disciples In elevation of 
style they rival the most perfect compositions which have been left 
us by Tuuvalluvai , A uveiy ai , and the ancient Tamil Poets 
Furthermore “m regard to Alchemy, anyhow, in which the 
Sittars are zealous adepts, they were disciples of the Arabians, 
although other Civaites had preceded them in pursuit of the Philo- 
sopher’s stone ” Barth smells the influence of the Arabians in 
the “severe monotheism of the Sittars ’’ Barth wrote these words 
in 1881 and depended for his conclusions mainly on the guesses 
made by Caldwell in the second edition of his ‘Comparative 
Grammar of the Dravidian Languages,’ published m 1873, much 
water has flowed under the bridge since then and the wise authors 
of the third edition of the Caldwell’s Grammar (published m 1913) 
had omitted all the debatable and worn-out speculations of Cald- 
well among which the reference to Sittars is one In consequence 
much of Barth’s arguments falls to the ground 

Tamil works allude to eighteen Sittars proverbially while 
Rasa Ratna Samuchhaya mentions 27 expeits on Alchemy and 
S r P C Ray gives the names of many others In Tamil a few 
Sittars are grouped together as Nava Natha Sittars Most of them 
have been religious reformers of their day and have no doubt used 
their hatayoga powers for the purpose Especially their lives and 
works are said to be found m some authentic Marathi literature of 
the XIII century and their pedigree is given as follows by Pandit 
Panduranga Sarma, Poona (vide III Oriental Conference Proceed- 
ings 1924, page 495) • — Admatha, Matsyendranatha, Nivirthi- 
natha, and Jnananatha (1275-1296) But mention is made, m 
Tamil works, about Admatha, Anadinatha, Salyanatha, Sathoka- 
natha, Vahuhnatha, Matanganatha, Matsyimdranatha, Gatendra- 
natha alias Vilaiyattu Sittar, Gorakshanathar The’r chronology 
will be an interesting study 

Bhudeb Mukerji M A in his article on “Indian Chemistry 
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and its Antiquity’’ (1928) has elaborately dealt with the names of 
the 27 experts found m Rasa Ratna Samuchhaja He identifies 
the Indian Adimma the Sittha, with the Sabian Adimum the Snith 
(Cf. Stapleton), places Chandrasena about 5000 B^C and credits 
Ravana and Sri Rama with alchemical works Sambhu s Rasar- 
nava, Nagarjuna’s Rasaratnakara, and Govmda’s Rasa Hndh\a 
and Rasa Sara are the onR ones definitely known , while nothing 
is known j^et about the twenty-one others. On the other hand 
some of the works of all the eighteen Sittars mentioned m Tamil 
have already been published and many more remain jet to be 
published. This is neither the place nor the time to give a detailed 
review of the published works but 1 shall attempt to give a few 
characteristics of the works of Tamil Sittars — 

(]) The works of the Sittars deal either with alchemy by 
itself, alchemy and yoga, alchemj? and medicine or medicine pure 
and simple 

(2) Thej' are called after the names of the authors or the 
names of the author’s guius 

(3) Most of them are written m \erse, using easy colloquial 
and ungrammatical words and often hiding the names of 
the herbals or minerals in big phiases and metaphors 

(4) Many Sittars have the common characteristic of first 
writing long poems and then condensing them into shorter ones 
successively. For example Satta Mum is credited with having 
written a work of 2,50,000 stanzas, and then condensing them 
into Satta Mum Vada Kavya of 2,500 and 1 ,000 stanzas and then 
into Satta Mum Karpa Vidhi of 100, and again into Satta Mum 
Sutra of 25 or 10 stanzas. 

(5) No diagrammatic sketches have been found so fai m anj* 
of the manuscripts , but some maj' be easily constructed from the 
detailed instructions given for the apparatus and processes 

(6) There aie no commentaries on these works but there are 
manj' mgantus or lexicons which give the names of herbals and 
minerals which are synonymous 

(7) References to kings are not found m any of the works 
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of the Sittars, so far as is known Such references will be very 
useful m fixing the dates of these Sittars 

(8) They recognise Siva for their God and reject everything 
in the Saiva System which is inconsistent with pure theism 

(9) Many receipes containing minerals, metals, herbals, and 
salts are mentioned 

(10) As usual the Tamil Alchemy is associated with magic, 
exorcisms and propitiations 

Agastya is foremost among the Tamil Sittars His name is 
not mentioned in Sir P C Ray’s books or Bhudeb Mukerji’s 
book Modern research is converging towards the view that there 
have been two Agastyas, one, the renowned Aryan coloniser of 
the south and the other, the famous Tamil grammarian and pro- 
lific writer m Tamil Caldwell wrote “We shall not greatly err 
m placing the era of Agastya or that of the commencement of 
Tamilian civilisation and literature m the seventh or at least in the 
sixth century B C ’’ This opinion is getting more than confirm- 
ed Most of the alchemical works that go by the name of Agastya 
are not considered to be genuine “Plato, Democritus and 
Geber have been held responsible for writings which appeared 
several centuries later Names, venerable and illustrious, have 
been pressed into service to lend weight and dignity to productions 
which otherwise would not have commanded a respectful hearing 
So also m Tamil In a work called “Patanjali Gnanam Fifty- 
four,’’ one verse classifies Agastya ’s works as follows — 

1 Nigantu ten thousand 

2 Kavya one thousand 

3 The big Veda 1,250, 16, 80 and 500 

4 , Pari Bhashai 2,11,000,600 

5 Puranam 7,00, 600, 200 and 31 

6 Ocean 7,000 

7 Hema Tatvam 800 and 400 

8 Salt 100 

, . 9. Siva yogarrf 100 ' 

10 Knowledge 100 

: . (the numbers ^refer to the number of verses in each book) 
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The eighteen Sittars are mentioned by Sundranandar m his 
“Rules of Dikshai 50“ as follows — 


,1 

Agastya 

2 

Tirumular 

3 

Bogar 

4 

Konganar 

5 

Sattamathar 

6 

Macha Mum 

7 

Karuvurar. 

8 

Idai Kattar 

9 

Punnakkisar 

10 

Kamala Devar 

11. 

Gorakkar 

12 

Nandisar 

13 

Rama Devar 

14 

Brahma Mum 

15. 

Vasa Muni 

16 

Azhu Kanm 

17 

Roma Muni 

18 

Sundranandar 


Another verse in the “Patanjah Gnanam“ (page 541) mentions 
that the Sittars works can be classified as follows — 


1 Tirumula Mandiram 

2 Bogar 

3 . Konkanar 

4 “ Satta Muni 

5 Sundarar 

6 Macha Mum 


8,000 

7.000 

5.000 

1,200 and 1,000 

1 .000 
800 


And the verse further says that Kapila, Janka, Namdi and 
Roma Mum wrote in Sanskrit many alchemical works A close 
study of all these works is required befoie any decision could be 
pronounced on their chronology, authenticity and contents 

Bogar is a prolific writer of alchemical and medical works in 
Tamil He is said to be a Chinese who came to India m the III 
centuiy A D and visited Patna and Gaya and then South India 
and learned alchemy and medicine from Tamil savants. He 
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taught the Tamils also in these lores. There is not much of Bud- 
dhism found m his works. He is said to have visited Arabia and 
then gone to his native land. It appears that some Tamil disciples 
accompanied him to China and after learning some mechanical 
arts, they returned to Tamil Nad and won some laurels 

Puhpam was another Chinaman who came along with Bogar 
but he chose to settle m the Tamil territory He has also written 
many Tamil works on Magic, Alchemy and Medicine 

Teraiyar is reputed to have been a clever surgeon. He re- 
moved a toad from the cerebrum of a nobleman and cured his head- 
ache He takes his name after this operation (The Toad-Man) 
He was a disciple of Agastya A similar incident is said to be 
found in the Sanskrit Bhoja Prabandham 

Sattainathar is referred to as Kamblisattanathar Muni 
There is reference to Kambh m the 27 names mentioned m Rasa 
Ratna Samuchhaya Probably some of Kambh’s sansknt works 
are to be found m Tamil translations just as some Buddhist sansknt 
works were found m Tibetan translations 

Many of the Sittars are found to rebel against the strictly 
monistic philosophy of Sankara and the idolatrous worship of the 
Hindus Probably they may be assigned to a period, X to XV 
century AD A systematic account of these Sittars and their 
works will be published later elsewhere. 



Dr, P, C. Ray: The Dedicated Life 

Bi S K Maitra (Bennies) 

On the occasion of h’s seventieth birthday, I offer my humble 
felicitations to that 1'iving incarnation of Sacrifice, Dr P C Ray. 
His has been a, dedicated life in the truest sense of the word 'The 
motto of his life is Service Whether in the cause of science or 
in the cause of his country, he has shown a devotion which is 
absolutely without a parallel And the great feature of his service 
has been its total selflessness If there is any man who has made 
selfless service his religion, it is Dr P C Ray 

To glaring simplicity and sacrifice, Dr P C Ray has joined 
wonderful practical insight and business acumen The combina- 
tion is probably unique urr the history of our country ' The Bengal 
Chemical and Pharmaceutical Works are a lasting monument of 
his business enterprise and practical knowledge 

Dr P C Ray is an ideal teacher His relations with his 
pupils remind one of the best traditions of -relationship 

m ancient India It would not be an exaggeration to say that 
he lives for his pupils No teacher m recent times has trained so 
many worthy young men and no teacher is so proud of the achieve- 
ments of his pupils One incident I shall never forget It occurred 
at the Bengali Literary Conference at Meerut in 1 929 At the close 
of his address, he said, pointing to one of the most brilliant of 
his pupils — Dr N R Dhar — and with tears rolling down his 
cheeks, “I can say of them what the mother of the Gracchus 
brothers said of her sons, — These are all that I possess , I have no 
other assets 

How can we pay homage to such a man 5 Our best homage 
to him” is to accept his religion, the religion of selfless service All 
who have come m intimate contact with him have imbibed his cult 
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of selfless sacrifice If we want to show respect to him, we should 
join his band of selfless workers 

Our country is particularly fortunate at this moment, for she 
possesses an incomparable leader, a great piophet and a wonderful 
worker In Gandhi, Tagore and P C Ray, she possesses all the 
three elements essential to success in her great struggle for freedom 
and self-determination — great leadership, a noble vision and selfless 
devotion May she long enjoy the services of these three great 
sons of hers 1 



On the Life History of Rhacophorus maximus Gunther 1 

By Jnanendra Lai Bhadun (Calcutta) 

(Plate XVI) 

In the course of my investigation on the ecology of the tad- 
poles found in the streams round Dumpep m the Khasi Hills, 
Assam, during the month of May, 1930, I came across a frothy 
egg-mass of a tree-frog of the genus Rhacophorus in a 
small puddle at Cherrapunji It was quite fresh and appeared to 
have been laid early that morning The whole frothy egg-mass 
was colletced in a large vessel and was kept under constant obser- 
vation, with daily changes of stream water, till it was brought 
down to Calcutta three days later. During the journey from 
Shillong to Calcutta all the eggs hatched out 2 The larvae were 
kept m an aquarium m the Indian Museum, the water of which was 
changed every day from the Museum tank They were fed on 
chopped goat’s liver till they metamorphosed in about two months’ 
time. Great difficulties were experienced m keeping alive the 
tadpoles that were in process of metamorphosis, as also those that 
had metamorphosed, but I succeeded m rearing up to completely 
metamorphosed frogs only a very limited number. A fair series 
of specimens from the egg stage to fully transformed frogs were 
preserved for study. 

Even with this complete series of material I found it very diffi- 
cult to identify the species of frog to which the tadpoles belonged 
This was due to no adult frog having been found in association 

1 Published with the permission of the Director, Zoological Survey of India, Indian 
Museum, Calcutta 

2 The time taken for hatching was perhaps much shorter than what would 
actually occur m nature This was presumably due to great vibration and jolting of 
the Bus plying from Shillong to Pandu Ghat, 
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with the frothy egg-mass. Following, however, the method of 
elimination and taking the range of distribution of the different 
species of Rhacophorus into consideration, 1 provisionally assigned 
the metamorphosed frogs to Rh bimaculatus Boulenger 1 But 
from an examination of a complete developmental series of this 
material presented to the British Museum, London, Dr Malcolm 
A Smith has identified the frog as Rh maximus and has remarked 
that “the complete absence of any fringe to the limbs m your 
metamorphosed frogs makes it quite certain that it is not 
bimaculatus ” l 

Rh maximus is commonly found in the Khasi Hills, but so 
far no tadpole or any frothy egg-mass J of this species has been 
described There are, however, in the reserve collections of the 
Zoological Survey of India, tadpoles from the Darjiling District 
that have been referred to this species, but these on examination 
are found to agree more closely with those of Rh bimaculatus 
than with those of my series from Cherrapunji 

In this paper I propose to describe briefly the developmental 
series preserved by me, and, finally, to give a detailed systematic 
description of the tadpole 

I have here to record my sincere thanks to Lt -Col R. B. 
Seymour Sewell and Dr Bairn Prashad for kindly reading through 
my manuscript and to Mr A C. Chowdhury for the figures in the 
accompanying plate which he has drawn with his usual skill. 

Development o / the tadpole 

The eggs are yellowish white, single, not adhering to one 
another and scattered irregularly in the frothy Cfiass. They are un- 
pigmented and are about 2 mm each in diameter With the deve- 
lopment of the eggs the capsules grow m size, and on the third day 
the larvae are hatched as mentioned before 1 he hatched out 

3 Rh bimaculatus Blgr = Rh (Rh ) bipunctatus Ah! (aide, Ahl, L — Polypedatidae, 
Anura III, Das Ticrrcich, Lief 55, p 168, 1931) 

4 My sincere thanks are due to Dr Smith for the identification 

5 Bhadun, J L —Anat Anz , LXXIV, P 337, (Footnote) 1932 

6 Smith, M. A— Bull Raffles Mus , Singapore, No 3, p. 115, 1930. 



All 


Jnanondra Lai Bhaduri 


larvae stick to objects under water by means of their adhesive 
apparatus 

The adhesive apparatus (= ‘cement organs’ or ‘Haftapparat’ 
of authors) which characterises the batrachian larvae m the early 
stages of their life, begins to develop while they are still within 
the capsule By the time the larva is ready to hatch out, the adhesive 
aparatus is found to consist of two rounded swellings situated close 
together and posterior to the stomodaeal pit (Fig 1) Soon after 
hatching the adhesive apparatus reaches its maximum develop- 
ment and appears as two very prominent rounded unpigmented 
structures situated laterally and slightly posterior to the developing 
mouth (Fag 2) It produces a ^secretion that helps the larvae to 
adhere to objects under water ' The adhesive apparatus, 
-however, functions for a short time and becomes atrophied early 
in the nascent tadpole life 

The average total length of the newly hatched larvae is about 
10 mm The colour of these larvae is yellowish white, finely 
stippled or suffused with black pigments on the dorsal parts of 
-the .head and body and, partially on the tail As the larvae grow 
older the pigment becomes denser Approximately three days 
after hatching the colour pattern becomes well established and 
persists without change even in the newly transformed frogs 
Living tadpoles and metamorphosing frogs, when seen with the 
naked eye, are of -a uniformly shining lead-blue colour above and 
almost white below , on examination under a binocular microscope, 
however, sparsely distributed pigment cells are also to be seen 
-on the ventral parts ' , - - c ' - - 

The gills begin to develop, while the larva is within the cap- 
sule, as two buds on either side (Fig 1), later finger-like processes 
are developed from these buds and as soon as the larva hatches 
-out the processes assume the normal gill-like appearance (Figs 2 
and 3) The finger-like branches of the gills are fairly numerous 
and the longest ramus averages 2 mm m length No pigment 
was observed on the gills As development proceeds the 




7 Thiele, '] -r-Z&d u)iss .. Zopl,, XLVl, pp 67 69, 1887. 
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operculum grows over the external gills from the right to the left 
leaving the spiracular aperture on the lattei side The spiracle is 
directed backwards and upwards 

It may be mentioned m this connection that within a few days 
after hatching the tadpoles begin to resort to double respiration, 
for, it was observed that they came to the surface of the water to 
breathe air directly from time to time, m spite of the fact that 
they had well developed and functional internal gills for aquatic 
respiration 

The mouth followed the usual course of development and 
assumed the mature tadpole pattern m or about the 20 mm stage. 
It will be described later on. 

The buds of the hind limbs were first observed on either side 
of the vent in tadpoles of about 20 mm total length These buds 
grow and appear as oval unpigmented stiuctures in the 27 mm. 
stage Finger-like processes on the buds were observed m a 
tadpole of about 35 mm stage The hind-limbs assume their 
adult character m tadpoles of about 44 mm long The toes are 
more than half webbed The fore-limbs, which grow under the 
ventral body wall, appear later in the life of the tadpole The left 
limb breaks through first, presumably through the spiracle 
(Fig 6), and the right limb emerges a day or two after The 
fingers are moderately webbed I have observed paired crescentic 
openings with slightly thickened lips, immediately in front of the 
bases of the freed limbs The function of these as the exit passages 
of the branchial current was first observed by Latter, s and later 
confirmed by Brock 0 

In moderate sized tadpoles a series of finely pitted sense 
organs are present on the dorsal surface of the head and body 
(Fig 5) The anterior series begins from the snout and extends m 
two rows over the nostril and the eyes The posterior series like- 
wise begins as two rows behind the eyes and passes backwards 
to disappear in the upper mebrane of the tail It should, however, 

8 Latter, O H — 'Nature CXI, Febr 3, p 1 5 1 , 1923 

9 Broct, G T — Quart , Journ Micros Set, LXXIII, p 341, 1 929, 
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be noted that this senes' of sensory pits begins to disappear in 
the later tadpole stages, and is entirely absent in the metamorphosed 
frogs 

The /parietal fleck’ which characterises many tadpoles and 
frogs, is well represented in the senes of tadpoles from Cherrapunji 
(Figs 5, 6 and 7) It appears as a little whitish spot on the centre 
of the head between the eyes It is a charctenstic feature through- 
out the tadpole stage and even persists m the newly transformed 
frogs 


Habits of the tadpole 

Larvae raised in the aquarium did not seem to be 
active swimmers Most of the time they were found to be resting 
on the bottom or m the weeds of the aquarium When alarmed 
they used to seek concealment by diving under masses of weeds 
Their’ respiratory habits have already been mentioned above 

When chopped goat’s liver was offered, held in a thread, 
they used to approach it quickly and without fail They ate it 
with much avidity practically everyday They had no aversion 
to any of their companion that died and invariably skeletonized 
it within the course of a day 

Description of the tadpole ~ ' 

(Figs 4, 5 and 8) 

Head and body Length one and half times the width, 
broadly oval in outline , abdomen slightly convex , throat some- 
what flattened , snout rounded 

Nostrils Small, rather widely separated, on the upper 
surface of the head, a little nearer the eyes than the tip of the 
snout 

Eyes Superolateral, not prominent, the mterocular space a 
little greater than that between the nostrils and also greater than 
the width of the mouth 

Mouth Subterminal, small and distinctly transverse, its 
greatest width greater than the mternanal width Lower lip 
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bordered by two or three rows of minute blunt finger-like papillae 
and continuous with the lateral emarginations, which are also 
similarly fringed , upper lip is distinct and without any such 
papillae. Four series of teeth in the upper lip, the first continuous, 
the remaining three successively shorter and broadly interrputed 
in the middle Lower lip with three long series of teeth, the first 
row slightly shorter and barely intei rupted m the middle, the 
remaining two continuous and about equal m length Dental 
formula * — 1 *3 + 3/1 — l 2 Beaks edged with black and very 
finely serrated Upper beak wide and broadly crescentic, the 
middle part being almost straight , the lower one broadly 
V-shaped 

Spiracle Simstral, small, pointing backwards and upwards, 
plainly visible from below, scarcely seen fiom above, its opening 
nearer the vent than the end of the snout 

Anus Dextral, opening under a fold of skin which is con- 
tinuous with the subcaudal crest 

Tail Moderately long, with rounded tip, about four times 
as long as deep and more than one and half times the length of 
the body , its maximum depth almost equal to the greatest depth 
of the bodj' , upper crest about the same depth as the lower one, 
not extending on to the back Muscular portion well developed. 

Toes More than half webbed. Fingers also webbed 
(Figs 6 and 7) 

Sense organs A series of finely pitted sense organs symme- 
trically disposed on the dorsal surface of the head and body The 
‘parietal fleck’ situated mesially on the head between the eyes 

Glands Apparently none 

Colour Uniform, shining lead-blue above, ventral parts 
dirty white , membranes of the tail slightly paler, immaculate , the 
muscular part of the tail brownish 
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Dimensions in millimetres 

Specimens A B C D E 

Total length 15 5 23 37 42 47 (maximum) 

Length of head and 

body 6 9 14 16 16 

Breadth of head 

and body 4 6 8 1 10 10 1 

Greatest depth of 

tail 4 49 6 8 8 1 


EXPLANATION OF PLATE XVI 

Rhacophorus mcximus Gunther, from Cherrapunji, Khasi Hills, Assam 

Fig I — Larva taken out of the capsule showing the adhesive apparatus ventral 
aspect, x 8 

Fig 2 — Larva just hatched out showing the adhesive apparatus and the gills 
ventral aspect, x 10 

Fig 3 — Same as above lateral aspect, x 10% 

Fig 4 — Mature tadpole, showing the characteristic pattern lateral aspect, x 1 
Fig 5 — Mature tadpole, showing the pitted sense organs and the ‘parietal fleck’ : 
dorsal aspect, x 1 

Fig 6 — Mature tadpole dorsal aspect, x 2% 

Fig, 7 — Almost complcte'y metamorphosed frog dorsal aspect, x L 
Fig 8 — Mouth disc of the tadpole, x 12 
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Observations on the stone-licking fishes of the 

genus Gan a 

Dcy Dey Mukerji (Cilcuttn) 


Among the Cyprmoid fishes of the Indian hill-streams there 
aie few that can surpass the members of the genus Gan a in the 
matter of familiarity, 1 abundance, wide distribution and interest 
from the evolutionary point of view The outstanding character- 
istic of the Garras is the possession of a more or less well-developed 
suctorial disc on the undersurface situated just behind the mouth 
Most of the fishes of the genus, which are numerous m the hilly 
districts of the Indian Empire and elsewhere, inhabit rapid-running 
waters and protect themselves against swift currents by clinging 
tight to the substratum mainly by means of their suctorial disc, 
and partly by the horizontally placed paired fins, specially the 
pectorals, the outermost rays of which are provided with adhesive 
pads in some highly specialised species In similar manner, 
certain Garras have also been known to climb vertical surfaces of 
wet rocks behind water-falls 

The first species of the remarkable genus Garra was discover- 
ed well over a century ago from the Bhagalpur and the Gorakh- 
pur Districts, and was described as Garra lamta by Francis Hamil- 
ton (once Buchanan), the famous author of the “Accounts of the 
fishes of the Ganges” (1822) Since then Garras have attracted 


* Published with the permission of the Director, Zoological Survey of India, Indian 
Museum, Calcutta 

1 The wide popularity of the fish is clearly indicated from the fact that m almost 
every district of India and Burma it is known by certain vernacular names, such as 
Pathar-chata, which refer to the characteristic stone-clinging and stone-licking habit of 
the fish (vide Hora, S L — "On certain local names of the. fishes of the genus Garra 
Journ, & Proc Asiat Soc Bengal, (N S ), XIX, pp 105 109, 1923) 
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the attention of most of the later ichthyologists whose observations 
on the bionomics of these fishes have considerably advanced our 
knowledge Unfortunately, till recently, the taxonomy of the 
whole group was m a state of confusion, and the greatest confusion 
centred round the historic species, G lamta, which was used as a 
lumber-room for several closely allied forms However, the works 
of the modern authors, specially those of Annandale 2 and Hora, 1 
have sufficiently cleared up and stabilized the taxonomy of Garra, 
and though certain aspects of the ecology, bionomics and the prob- 
able evolution of these specialised hill-stream forms have been 
illumined by these authors, others yet remain to be elucidated In 
the following pages I propose to record briefly my observations on 
G gotyla (Gray) and G annandalei Hora with special reference 
to the deeper side pools and their behaviour therein 

Towards the end of March, 1932, I was making a representa- 
tive collection of the fishes of the Sevoke stream in the Teesta Valley 
at the foot of the Darjiling Himalayas. The portion of the stream 
surveyed lay between its fall into the Teesta River near Sevoke 
railway station, and a bend about a mile or so up the course At 
that time of the year the stream followed a narrow, zig-zag, and 
very shallow course, flowing feebly over the pebbly bed which was 
for the most part exposed. Here and there, in the bed of the 
stream were a few side pools and ditches of moderate depth, and 
with a bottom of stones, sand, clay, silt and debris During the 
rainy months these pools become overflowed and form part of the 
Sevoke stream which then takes the form of a torrential rivulet, 
while m the dry season, as at the time of my visit, the pools are 
either just connected with or entirely cut off from the mam 
stream The water of these pools was remarkably clear, and it 
was, therefore, possible to watch the animals of the bottom, almost 
as if they were m an aquarium 

2 Annandale, N — * Notes on fishes of the genus Discognathus from India and 
Persia Rcc Ind Mus , XVIII, pp 65 78, pis i\-\i, 1919 

3 Hora, S L — ‘ Indian Cyprinoid fishes belonging to the g,.nus Garra with notes 

on related species from other countries ’ Rcc Ind Mus XXII, pp 633 687, pis 
X3UV-XXV1, 1921 ' ' 

* l - 



Observation on the stone-lickmg fishes of the genus Gan a 


479 


As one would 'naturally expect, the .fish-fauna of the pools 
consisted of such forms as are' adapted to live both in the streams 
and the associated pools, and select. one habitat when the' other 
becomes unfavourable either for life or for breeding Among the 
fishes of the pools were to be found large numbers of G gotyla 
(Gray) and G armandalei Hora, which, though essentially stream 
forms, had migrated -to the adjacent deeper pools, to evade, the 
difficulties of life in the drying stream From the shallow, pebbly 
bed of the stream itself I captured, in addition to other small and 
slender fishes, such a s,~ Laguvia shawi Hora, Amblyceps mangois 
(Ham Buch ) and Olyra k.empi Chaudhuri etc , large numbers of 
young specimens of the aforesaid species of Garra . It is curious 
that the adult Garras were extremely rare m the stream, while they 
were plentiful m the pools This shows that the extreme scarcity 
of water in the stream is suitable for the slender young forms only, 
while for the adult individuals the stream becomes temporarily 
unfavourable, inasmuch as they are likely to.be much “out of 
water” there and hence in constant danger of desiccation or of 
being preyed upon by many of their natural enemies From the 
standpoint of shelter, therefore, we find that, while the adult Garras 
must, of necessity, temporarily migrate from the drying stream 
to the adjacent pools, similar migration of the juvenile forms is 
hardly necessary Food is yet another important factor that should 
also be here considered The comparative paucity of food 
material m the limited body of water of the isolated pools renders 
them unsuitable for the young forms which need a proportionately 
greater amount of food for nourishment and growth than that 
which is imperative for the adult individuals The stream-dwell- 
ing Garras m their immature stages are thus not subjected to any 
special disadvantages during the dry season, and they can, there- 
fore, maintain themselves more easily m a partially drying stream 
than m deeper pools, while adults can with difficulty survive only 
by fleeing to a retreat like the deeper pools and ditches 

The migrant Garras, as observed m the isolated pools, are not 
very active or agile, which may be partly correlated with their being 
m a medium where the amount of available oxygen is comparative- 
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ly less than it is in the running stream water The fishes apply 
their chest and the paired fins, specially the pectorals to the bottom 
of the pools and rest there quietly In fact, they seldom move at 
all and seem to enjoy a charactenstic idleness They arc invari- 
ably found in gioups and disperse onl> when disturbed by the 
splashing of water or dropping of a stone in their midst When 
disturbed they dart about for some lime, but eventually form a 
group again This phenomenon should not, however, be mistaken 
for the permanent schooling habit of certain fishes 1 It is a sort 
of natural reflex of the fishes coming to dwell m a new habitat In 
marked contrast with different species of Barbus , Bartitus and 
Damo etc of the pools, the species of Gatra swim, when they do, 
lather slowly and somewhat awkwardly with occasional darting 
movements, keeping their bodies more or less horizontal and m 
close proximity to the bottom At a stretch they do not go very 
fai, nor swim round about but invariably in a straight direction, 
and over a short space This characteristic mode of swimming of 
the migrant Garras m the pools seem to indicate similar habits of 
the fish in the streams, where it normally progresses by short leaps 
from rock to rock, straight ahead and against the current , and as 
the fish must choose the path of the least resistance, it always 
keeps at a lower stratum of the current and hence close to the 
bottom where the velocity is lesser 

It is but natural that the habits of the still-water dwelling primi- 
tive or degenerate forms of Garras should be quite different from 
those of the temporary migrants from the stream under considera- 
tion Primitive forms like G adiscus (Annandale) and G mullay 
(Sykes), which are believed to have started their progressive differ- 
entiation for stream life comparatively recently, are only a little 
more advanced and specialised, both in respect of their morphology 
and habits, than the Cwssochdus-hhe ancestral form of the calm 

4 Parr, A E' — ‘A contribution to the theoretical anal} 'is of the schooling bcha\ior 
of fishes OcC Papers Bingham Oceanographic Collection, I, pp 1 32, 1927 

5 Hora, S L, — ‘ Ecology, Bionomics and E\olution of torrential fauna with special 
reference to organs of attachment ’ Plul TtatW Pot/ Soc London, (B) CCXV1II, 
P 175, 1930. 
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waters Their behaviour and mode of life are, therefore, likely 
to correspond more to those of the typical dwellers of the still-waters 
than to those of their highly specialised congeners of- the mountain 
rapids In the course of constant adjustments- to the varying 
conditions of life, however, both the groups of Garras may at times 
be found m a similar habitat as for example, a pool or a lake In 
a body of still -water, like pools, lakes and ditches m the vicinity 
of mountainous streams, may be found three distinct bionomic 
groups of Garras To the first group belong the primitive forms 
like G adiscus (Annandale) and G mullay (Sykes) while to the 
second, such degenerate species as G gravelyi (Annandale) and 
G. rufus (Heckel) The third and the last group is represented by 
temporary migrants from the streams such as G gotyla (Gray) and 
G. annandalei Hora Plainly enough, although the three dissi- 
milar bionomic groups of Garras may be undergoing processes of 
physiological adaptability m more or less a similar milieu, 
the processes proceed along different paths and lead to different 
goals, viz (i) progressive adaptation towards stream life, (11) 
retrogressive degeneration from stream life and (in) temporary 
migration from streams to still- water 

Each habitat offers definite advantages and disadvantages, 
and when animals migrate from their normal home to some other 
environment, for some purpose or other, they have to make many 
adjustments between new advantages and disadvantages, old 
necessities and new requirements, and old habits and new abilities 
The foregoing account of the two species of Garra illustrates this 
view to some extent. Annandale’ s observations 1 ’ on the post- 
clmbmg and feeding habits of G gravelyi of the Inle Lake in the 
Southern Shan States m Burma are also relevant to the point The 
post-climbing habit by means of its suctorial disc and paired fins of 
this degenerate lake form, as also its mode of feeding by scraping 
algae and other organic matters from off the submerged posts, are 
certainly manifestations of the old habits of the past stream life 

6 Annandale, N — 'Fish and fisheries of the Inle Lake” Rcc lnd> Mus , XIV, 
P 45, 1918 
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of the fish Again, the peculiar mode of seizing food, not lying 
at the bottom, the act of nibbling at the bones of chickens and 
pigeons, thrown into the water, and feeding on the dead of their 
own kind m the case of G lujus (Heckel) of the Lake Tiberias in 
Syria , 7 seem to indicate certain new i equiremenls , and the develop- 
ment of new abilities in order to satisfy them 


z’ Annandale, N — "Notes on fishes, Ratraclna and Reptiles of the Lake bf 
fiberias." Journ & Proc Asiat Soc Bengal, (N S ), IX, p 37, 1913* 



Time in Ancient, Mediaeval and Modern Chronology 

Bi Sukumar Ranjan Das (Cilctitta) 


Long before the physical and philosophical notion of Time 
was developed, it was found necessary to have a standard measure- 
ment of Time for all practical purposes — religious as well 
as secular. There arose m all the ecclesiastical schools of the 
ancient nations the necessity for instructing some member or group 
of the priestly order m the process of computing the dates of the 
religious festivities . 1 The problem was universal and was not con- 
fined to any particular religious sect. Since most early religions 
were connected with sun worship or with astrology, work somewhat 
similar to that of preparing the computus was needed in all religious 
organizations — Hindu, Greek, Egyptian, Chinese, Babylonian, 
Hebrew, Mahammadan and ancient Roman . 2 Among all the 
nations, the fundamental periods of Time, the day, the month, the 
year are the same, the variations occurring in them being princi- 
pally m the arrangement of the days to foim months and years, 
in the subdivisions of the day , m the times to be reckoned as the 
commencement of the day, whether at mid-night, sunrise, or noon , 
m the subdivisions of the year into months, differing from each 
other as to the number of days of each, m the various kinds of 
months to form the year, and the like There have been m all 
nations certain difficulties experienced as to the time when 
the year should be reckoned to begin, and m the consequent 
arrangement of the months and seasons, so that they should recur 
at regular intervals. 


1 The Discovery of Time bj J T Shotwell, Journal of Philosophy, Psychology 
and Scientific Methods, Xll 

2 Egyptian papyrus of the beginning of the Christian era is still extant 
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Naturally the revolution of the moon and the sun served for 
fixing the standard by which Time was to be measured 
The ancient thinkers were struck with the daily appearance and 
disappearance of the moon and the sun. Consequently the move- 
ment of the moon or the sun was chosen to fix the measure of Time. 
The early religion of the ancient nations reveals an intimate know- 
ledge of the times an seasons, and there was from the earliest times 
an attempt to prepare a calendar setting forth the order in which 
the rites and ceremonies of the nations should be observed This 
calendar, m the earlier periods, was of an imperfect character, 
which led to methods afterwards adopted for its improvement, 
generally with a view to its adaptation to religious rather than to 
secular uses 

The ancient Hindus prepared their calendar mainly for 
sacrificial purposes, and the performance of various sacri- 
fices facilitated the maintenance of the calendar When the course 
of sacrifices was completed, it was found that the year had also 
run its course, and the sacrifice and the year, therefore, became 
synonymous terms There are several sacrificial hymns m the 
Rgveda (3000 B C ), which show that the sacrificial ceremonies 
must have been considerably developed , and as no sacrificial sys- 
tem could be developed without the knowledge of months, seasons 
and the year, it will not be too much to presume that m the Vedic 
times there must have existed a calendar to regulate the sacrifices 
It is difficult to determine the exact nature of this calendar, but a 
study of the sacrificial literature would show that the phases of the 
moon, the changes m the seasons, and the southern and northern 
courses of the sun were the principal landmarks in the measure- 
ment of Time in those early days 1 The difficulties experienced 
by the Hindus in adjusting their calendar occasioned repeat- 
ed changes of their system. At one period the motion of the 
moon was taken as its foundation, and the lunar month was formed 
to agree with the phases of the moon The ancient Hindus found 
that the moon totally disappeared one night and again became full 

3 Orion by B G Tilak, page 11 



Time in Ancient, Mediaeval and Modern Chronology 


485 


and round another night-, they called these -phases nev£ and full 
moon and further observed that from one -new moon to another- or 
from one full moon to another the sun rises thirty times. -Hence 
one lunar month became equivalent to thirty days. Then a change 
in the calendar took place, and a solar month was formed, consti- 
tuted so as to be reckoned by the time the sun, -in its progress, 
remained in each sign of the solar ""zodiac Another change 
followed, efforts being made to reconcile the two previous systems, 
in which each kind of month preserved its original character, the 
solar month being reckoned m ordinary civil days, and the lunar 
months measured by lunar days, each being one-thirtieth part of 
a synodic period, the time elapsing between two conjunctions of 
the sun and the moon. The result of these efforts was the forma- 
tion of the Ium-solar year, either m civil days or m lunar days 
The Hindus further observed that the star that rose or set at sun- 
rise one day would not do so after the lapse of several days They 
concluded that the sun like the moon moved among the stars irr 
the heavens and that the sun took twelve months to complete this 
course Thus according to this calculation a year contains twelve 
months The Hindus made several changes regarding the begin- 
ning of the day The Vedic and the Pauramc literature maintain- 
ed that the day began with sunrise , but different theories on this 
question were advanced by the later Hindu writers Aryabhata 
maintained that the beginning of the day is to be reckoned from 
sunrise at Lanka Varahamihira held that the day begins from 
midnight In fact there is mention of four kinds of day-begin- 
mngs, namely, from sunrise, from mid-night, from mid-day and 
from sunset 1 The division of the calendar into years, months, 
weeks and days evolved gradually but the system was almost com- 
plete m the Vedic and the Pauramc ages Slight modifications 
were introduced later on by the Hindu astronomers and this modi- 
fied calendar has been since then m vogue m India. The Hindus 
at a very early date invented the sundial (gnomon measur- 

4 Vide a paper on Hindu Calendar by Sukumar Ranjan Das, Indian Historical 
Quarterly, September, 1928 
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ing twelve fingers) to measure the sun’s shadow from which time 
was determined. The observation of the increase and decrease 
of the shadow of a tree must have struck them with the idea of a 
gnomon. But though the gnomon was sufficient to measure the 
time during the day, it was not possible to use it after dusk. The 
water-clock or clepsydra (a metal bowl floating in a vessel of water 
where the amount of water that mesures a nachka or 24 minutes is 
given) was, therefore, invented by the ancient Hindus. In fact, 
they became so skilful in the use of water-clock or clepsydra that 
they could find out the exact time at a mere look at the instrument. 
There was also another instrument called yasti or staff to measure 
the time from sunrise or the time after mid-day 

The Chaldeans knew the length of the year as 365 days 6 hrs 
1 1 min , but used both the lunar month and the lunar year 
for civil purposes. They divided both the natural day and 
the natural night into twelve hours each. They invented the sun- 
dial and the water-clock to measure time, the former was used 
during the day and the latter during the night For astronomical 
purposes they divided the day into twenty-four equal hours. They 
also used very early a fourth of a month as a convenient division of 
Time, this was probably half of the half month as was customary 
m ancient world G 

Earlier than 2000 B C , the Chinese attempted to prepare a 
calendar. But the system at first changed with each emperor 
Under the emperor Yan (c 2357 B.C - c 2258 B C ) an effort was 
made to establish a scientific calendar for the whole country, and 
possibly this was done even earlier, under the emperor Huang-ti 
(c 2700 B C ) 7 There is evidence that according to a decree of 
Wn-wang (1122 B C ) the day was arranged to have begun with 
mid-night, although before this under the Shang dynasty (1766- 
1 1 22 B C ) the day began at noon In the Chinese calendar the civil 

t 

5 Siddhanta Siromam, Goladhyaya, Chapter, .XI, verses 28 30 

6 "Resume de Chronologic Astronomique , by J B Biot Memoirs de I’ Academic 
des Sciences, XXII, pp 209 476 

7 History of Mathematics in China and Japan by Mihami, pp 5 45 
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day has twelve hours and the middle of the first hour is mid-night. 
These hours which were called shi in the Chinese language are 
each 120 European minutes in length. Each hour is again divided 
into eight parts called khe which is equal to 3 of an European 
hour Each of these parts is then divided into 15 fen, one fen 
being equal to one European minute Each fen is again divided 
into 60 miao, one miao being equal to one European second. 
At present also the American clock is becoming common in China. 
The Chinese days were named in such a way as to give seven-day 
periods and the month began with new moon. 

As early as the 14th century B C the Egyptians recognised 
the value of a fixed year, but the changing one was so strongly im- 
planted in the religious canons of the people that it could not be 
possibly given up The fixed year was used to the extent of a 
division into three seasons, regulated by the river, — the Water 
Season, the Garden Season, and the Fruit Season (namely, June 
21 to October 20, October 21 to February 20, February 21 to 
June 20). These were easily determined by the temple observers. 
They were left with the determination of the seasons and were the 
principal calendar-makers. From the temple, too, came the 
announcements of the turn in the rise or fall of the river, the nilo- 
meter being under the observation of the temple-priests. b In the 
ancient Egyptian calendar, the business day included the night, 
the natural day and night being each divided into twelve hours, 
these hours varying in length with the season The civil day seems 
to have commonly begun at sunset But it is said by Pliny that 
the priests began their day at mid-night In later times the civil day 
began at noon, and was divided into twenty-four equal hours This 
was also the case with Ptolemy, the astronomer (c 150 B C ). In 
the native Egyptian calendar each month except the last (Meson) 
contained thirty days , five days used to be added to Meson so as 
to make the year equal to 365 days This gave error of 3 day. 
The year was a changing one and came back to its original position 


8 For the details vide The Evolution of Calendars by M B Cotswofth, Washington, 
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with respect to the heavenly bodies once in 4 x 365 common years 
-or 1460 years (1461 Egyptian years) The year began with the 
first day of month Thoth, the God, who was supposed to introduce 
-the calendar and numbers into Egypt 

After -Egypt became a Roman province (c 30 B C ) the 
Alexandrian calendar, including the fixed year, was introduced, 
‘although the varying -year remained until the fourth century A D 
The Alexandrian system was used till the first half of the seventh 
century (till 638 AD) when Alexandria yielded to Mahammadan 
conquest There was then a change in the calendar except in 
Upper Egypt. In later days when the French obtained brief con- 
trol of Egypt m 1798 the European system was used in Egypt side 
by side with the Mahammadan system 

The Athenian calendar 11 followed the Egyptian m beginning 
'the new day at sunset and m dividing both day and night into 
twelve hours The seven-day week was not used However, the 
lunar month was divided into three parts The first part was equal 
to ten days numbered m order, the “fifth day of the beginning of 
the month” being the fifth. Then followed nine days, numbered 
as before, but with the designation “over ten,” i e., “one over 
ten” and so on to “twenty ” Then to the end of the month the 
numbers were “one over twenty” and so on These days were 
also used to be numbered backwards from the end of the month 
In the popular calendar the month began with the new moon, and 
twelve of these months made 354 days, requiring the insertion of a 
new month every three years. This was called the second month of 
Poseideon, known as Poseideon II In 432 B C Meton construct- 
ed a nineteen year cycle m which the third, fifth, eighth, eleventh, 
thirteenth, sixteenth and nineteenth years used to contain the extra 
months Nineteen years contained two hnndred and thirty-five 
months and were equal to 6939 j days These months as arranged, 
however, contained 6940 f days. In 325 B.C. Calhppus modified 
it to include four nineteen year cycles 4x 19 years = 76 years 
= 940 months. The months were 29 or 30 days and therefore 

_ i 

5 History of Mathematics, vol II by D E, Smith, pp 660 664 
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940 months were equal to 27759 days Still later m 150 B C 
Hipparchus suggested the use of four of the cycles of Callippus 
But none of the last two calendars ever came into popular use ( 
The Romans considered the planets as ruling over one hour 
of each day, m the following order, beginning with the first hour 
of Saturday Saturn, Jupiter, Mars, Sun, Venus, Mercury, Moon 
At that time the sun and moon were placed among the wanderers 
(planets) Taking Saturn for the first hour of Saturday and count- 
ing the hours forward we find that the second hour is ruled by 
Jupiter and so on to the twenty-fourth, which is ruled by Mars 
Then the next hour, the first of Sunday, is ruled by the Sun, the 
first of the next day by the Moon and so on Thus the days of 
the week were named after the ruling planets of their first hours. 
Hence we have Saturn’s day, Sun’s day, Moon’s day, Mar’s day 
(French Mardi), Mercury’s day (French Mercredi), Jupiter’s day 
(m the northern lands, Thor’s day), Venus’s day (Fngg’s day, 
Frigg was the goddess of marriage) The oldest of the Roman 
calendars is attributed to Romulus, the founder of Rome The 
year then probably consisted of ten months of varying lengths, 
or of 304 days The year began with March Numa Pompihus 
(71 5-672 B C ) added two other months, January and February, and 
his year was probably lunar In the fifth century B C the Decem- 
virs decreed a solar year, the regulation of which was left in the 
hands of the priests The calendar was so mismanaged that by 
the time of Julius Caesar each day was eighty days out of its 
astronomical place Radical measures were, therefore, necessary 
for the reform of the calendar and Caesar decreed that the year 
46 B C should have 445 days and that thereafter the year should 
consist of 365 days with a leap year every fourth year The diffi- 
culty arose thus , the ordinary civil year contains an exact number 
of days, viz, 365, but the time taken by the sun to complete a 
revolution m the ecliptic is about 365j days and the 
exact interval between the successive vernal equinoxes is 365 days 
5 h 48 m 45 5 sec , which is the tropical year There- 
fore, by taking the civil year as 365 days, there is an 
compared with the tropical year of 5 h. 48 m‘> 
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45 5 sec , which m four years amounts to 23 h 15 m 2 sec., or 
very nearly a day If this error was not corrected, the result would 
be that the dates of the equinoxes and solstices would be later by 
one day every four years The first exact attempt at approxima- 
ting the length of the civil to that of the tropical year was made by 
Julius Caesar. It was then agreed that an additional day should 
be given to every fourth year, which was to contain 366 days 
Caesar followed the following plan to deteimine the names of the 
months and the number of days to constitute each month 


Names of the months 

Number of days 

1 

Martius 

31 

2 

Aprilio 

30 

3 

Maius 

31 

4 

Junius 

30 

5 

Quintilis 

31 

6 

Sextilis 

31 

7 

Septembris 

30 

8 

Octobris 

31 

9 

Novembris 

30 

10 

Decembris 

31 

11 

Januanus 

31 

12 

Februarius 

28 

Here the year was made to begin in 

March An account is 


also found for the origin of the nomenclature of September (seventh 
month), October, November, and December In his original plan 
Caesar caused every alternate month, beginning with March, to 
have 31 days, the others having 30 days, except that February 
received its 30th day once in four years, otherwise it had 29 days 
Later Julius Caesar decreed that the year should begin with Janu- 
ary Finally, during his life-time he changed the name of 
Quintilis, the month in which he was born, to that of Julius, after 
his own name. He also changed that number of days m certain 
months and the result was the piesent Julian calendar After the 
dcatn of Julius Caesar and m the second >ear of his calendar a 
fuithex confusion arose, apparently through a misunderstanding 
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on the part of the priests as regards the proper date for leap year 
This was corrected by Augustus, and in his honour the name of 
Sextihs was changed to bear his name Since then the Julian 
calendar was in vogue till it was further reformed by Pope Gregory 
XIII an 1582 According to the Julian calendar a correction was 
made of one day m four years But one day, or 24 hours, was m 
excess of 23 hrs 1 5 min 2 sec by about 45 minutes Thus the 
correction by means of leap year led to a new but very much smaller 
error of about 45 minutes m four years, or an average of rather more 
than eleven minutes each year This error m 400 years would amount 
to nearly three days Hence was the necessity of the Gregorian 
correction to the Julian calendar adopted by Pope Gregory, accord- 
ing to which each year which is a multiple of 100, such as 1700, 
1800, 1900, which by the Julian calendar are leap years, should 
be ordinary years, with the exception of those years in which the 
number of the century is divisible by 4 without remainder, such as 
.2000, 2400, which should remain leap years This arrangement 
evidently makes the required correction of three days m 400 years. 
Even with the Gregorian correction there is still a very small error, 
which, however, would amount to not more than a day in 20,000 
years The Gregorian correction was not adopted in England until 
the year 1752, when the accumulated error, as compared with the 
corrected calendar, amounted to eleven days Eleven days of 1752 
were, therefore, skipped, the 2nd of September being called the 
13th. The Julian calendar was used by the Greek catholics, 
including the Russians until the World War of 1914-1918, the 
dates at that time differed by thirteen days from those of the calen- 
dar of Western Europe where the Gregorian correction was adopted 
It is interesting to note that in the early centuries the year m 
the Christian calendar usually began with April m the east of 
Europe 10 and with March in the west, although sometimes with 
the Feast of the Conception, Christmas day, Easter, or Ascension 
day, or at other times according to the fancy of the Popes In 
Spain until the sixteenth century and in Germany from the 1 1 th 

10 The Byzantine Calendar began with September I 
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century, March 1 and March 25 were the favourite days to make 
the year-begmning, although Advent Sunday (the fourth Sunday 
before Christmas) has generally been recognised as the beginning 
of -the -ecclesiastical year March 1 was generally used in 
-mediaeval France for beginning the year. The same was 
the custom m oriental Christiandom, and in Venice until 1797 
March 25 was used by the mediaeval Pisans and Florentines for 
the year-beginning In Italy Pope Innocent XII decreed that the year 
should begin on January 1, beginning with 1691, as Philip II had 
done for the Netherlands in 1575, and as Julius Caesar had done 
before the Christian era Most of the Italian states adopted Janu- 
ary 1 in 1750 England adopted it m 1752 11 

We may mention here that there is evidence of several changes 
of the year-beginning m the Hindu calendai In the early Vedic 
times the year began when the sun was in the vernal equinox. 
Later on, the commencement of the year was changed from the 
-vernal equinox to the winter solstice It is difficult to ascertain 
definitely the time of the change Now to understand this change 
m the beginning of the year, it is necessary to remember that the 
solar year was sidereal and not tropical m the case of the Hindu 
calendar, and that the great object of the calendar was to ascertain 
the proper time of the seasons This necessitated a change in the 
beginning of the year, every two thousand years or so, to make it 
correspond with the cycle of natural seasons The difference be- 
tween the sidereal and the tropical year is 20 4 minutes, which 
^causes the seasons to fall back nearly one lunar month in about 
two thousand years, if the sidereal solar year be taken as the stand- 
ard of measurement Therefore, the beginning of the year was 
twice altered owing to the precession of the equinoxes The third 
change in the year-beginning was introduced at the time of the 
Vedanga Jyotisa (about 500 B C), when the seasons had further 
receded by a fortnight and the beginning of the month was altered 
from the full-moon to the new-moon during this period The next 


11 History of Mathematics, vol II by D E Smith, page 651 and pages 661 67Q 
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change was introduced and put into effect by the astronomer 
Varahamihira m the beginning of the sixth century A D , and this 
last system is even now being used in India 12 

The Jews began their day at sunset, their week on Saturday 
night (1 e , when their holyday ends and Sunday begins) and their 
year with Fishi 1 (the first new-moon after the autumnal equinox) 13 
Their calendar was lunar In the ancient Maya civilization the 
year began with the winter solstice, it was divided into eighteen 
months and was entirely independent of astronomical considera- 
tions Scholars assert that their calendar goes back to the thirty- 
fourth century B C The Mahammadans began their day with 
sunset, divided both day time and night time into twelve hours, 
the length of the hour varying with the season , their week began 
on Sunday, their month with the new-moon, and the year was 
purely lunar of 354 or 355 days 

When the year-beginning was fixed it was found necessary to 
determine the date from which the years weie to be numbered In 
India the Saka era which is 78 years behind the Christian era is 
generally followed, l e , the date of accession of a famous Saka 
king is taken to number the years In Europe, following 
the Roman custom, the years in the early centuries were dated from 
the accession of the emperor or consul until the abbot Dionysius 
Exignus (533 AD) arranged the Christian calendar in such a way 
as the supposed date of the birth of Christ was generally taken for 
the beginning of the era This era was adopted in Rome m the 
sixth century The Mahammadans begin their era from the date 
of birth of their Prophet, Mahammad To get the Christian year 
from the hejira (Mahammadan year), we add 623 to 97 per cent of 
the number of the hejira year, e g , 1300 A H = iinT x 1300 + 622 
= 1883 AD 

In early days of the French revolution an attempt was made 
to impose a new calendar upon the countiy, partly as a protest 

12 Seasons and Year-beginnings of the Hindus by Sukumar Ranjan Das 

13 Elements of the Jewish and Mahammadan Calendars by S B Bunday, 
London, 1901 
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against the Christian Church The calendar was to begin with 
the autumnal equinox on September 22, 1792. The months of 
this calendar were named according to natural conditions. 

Of the chief divisions of time the most obvious one was the 
day This was, therefore, the primitive unit in the measurement 
of time and the one which for many generations must have been 
looked upon as unvarying. As the human race developed, how- 
ever, various kinds of day were distinguished First, from the 
standpoint of invariability is the sidereal day, the interval of time 
taken by the fixed stars to complete a revolution round the pole, 
namely, 23 hrs. 56 m 4 09 seconds of our common time But 
from the standpoint of the casual observer, however, first is the 
true solar day, the length of time between one passage of the sun’s 
centre across the meridian and its next passage This latter day 
varies with the season, the difference between the longest and 
shortest day being 5 1 seconds , but for common purposes the solar 
day sufficed for thousands of years and the sundial was frequently 
used to measure the length of time As clocks became perfected 
a third kind of day came into use, the artificial mean solar day 
which is the average of the variable solar days of the year and 
equal to 24 hrs 3 m 56 56 seconds of sidereal time In addition 
to these general and obvious kinds of day there are others which 
have been mentioned by the writers on chronology. With the 
Babylonians the day began at sunrise , with the ancient Hindus it 
began at sunrise or mid-day or mid-night or sunset at various 
periods, but most generally form sunrise, with the Athenians, 
Jews and various other ancient peoples and with certain Christian 
sects at sunset , with the Umbrians at noon or mid-day , and with 
the Roman and Egyptian priests at mid-night 31 

The next obvious division of time was the month , it was 
originally the length of time from one new-moon or one full-moon 
to the next This was generally used by the ancient nations and 
served as the greater unit for many thousands of years However, 
as science made considerable progress, it became apparent, as in 

14 Ancient Calendars and Cycles by Plumett 
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the case of the day, that there are several kinds of months There 
is a sidereal month, the time required for a passage of the moon 
about the earth as observed with reference to the fixed stars, name- 
ly, 27 days 7 hours 43 minutes 1 1 5 seconds There is also the 
synodic month, the interval of time from one conjunction of the 
sun and the moon to the next, the average length of which is 
29 days 1 2 hours 44 mm 3 sec or 2 days 5 hrs 0 mm 5 1 5 sec 
more than the sidereal month This is the month used by those 
among whom a lunar calendar is in vogue. It -is the basis of the 
artificial month, twelve of which make our common year 

Less obvious than the day or the month is the year, both 
sidereal and tropical A sidereal year is the time taken by the 
sun to return to the same position relative to the fixed stars, and a 
tropical year is the exact interval between two successive vernal 
equinoxes. But the ordinary civil year which is m use contains an 
exact number of days, viz 365 and the time taken by the sun to 
complete a revolution m the ecliptic is about 365j days. Pro- 
bably at first the year recognised by the primitive nations was the 
lunar year consisting of twelve synodical months and is even now 
used in some parts of the world, specially by the Mahammadans 
The least obvious division of time was the week It seems 
very likely that it arose from the need for a longer period than the 
day and a shorter than the month The Chaldeans were the first 
who named the seven days of the week after the respective presi- 
ding planets and it is believed that the Hindus got this practice of 
naming the seven days from the Chaldeans lo The Romans also 
named the days of the week after the supposed presiding planets 
This division of the week into seven days is in vogue throughout 
the world But recently in Soviet Russia there has been an 
attempt to make the week contain five days, to be named after the 
five principal planets excluding the sun and the moon Probably 
the week was conceived to be made up of seven days, as according 
to the ancient nations there were seven planets including the sun 
and the moon 


15 Indian Astronomy (m Marathi language) by S B, Dikshlt, p 138 f 
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In all the ancient calendars there were usually twelve hours 
in the day and twelve hours m the night It is still a mystery why 
the number 'twelve’ was chosen Some suggest that the reason 
is found m the custom relating to the Babylonian knowledge of 
the inscribed hexagon Some again say that this was selected 
because from twelve the fractions j, could easily be 
obtained The day hours are longer than the night hours in the 
summer, and shorter m the winter This fact is referred to by 
several ancient writers lc 

To find the hours of the day the shadow cast by some obstruc- 
tion to the sun’s rays was used Then an artificial gnomon 
was erected and lines were drawn on the earth to mark 
off the shadows Since the houry-shadow is longer when 
the sun is near the horizon, either concave surfaces or curved lines 
on a plane were placed at the foot of the gnomon The sundial 
was first used m Babylonia, in India, and m Egypt From Baby- 
lonia it came to Greece where it was introduced by Anaximander 
(c 575 B C ) In the sundial of that period the gnomon was 
placed at the centre of three concentric circles But very often 
there were difficulties with the gnomon At times when the sky 
was cloudy the gnomon did not cast a distinct shadow Hence the 
need was early felt for some kind of device to tell the hours at 
night as well as during the day in cloudy weather and also when 
the sun’s rays were direct Various methods were employed by 
the early nations, such as burning of tapers, hour-glasses and water- 
clocks (or clepsydra) The hour-glass was known as early as 250 B C 
Plato gave much thought to the subject, and his conclusions might 
have suggested to Ctesibius (c 1 50 B C ) the idea of a water-clock 
The clepsydra was of earlier origin There is mention of this 
instrument in the Vedanga Jyotisa (500 B C ) The clepsydra 
was introduced into Rome m 1 59 B C In the early form water 
trickled from one receptacle into another m a given time, as the 
sand in an hour-glass It was till recently m operation m one of 
the ancient towers of Canton m China All these instruments led 


16 History of Mathematics, vol. II by D C Smith, pages 668 670. 
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to the invention of the clock. In the middle ages Boethius (480 
AD to 525 A, D ) invented a clock (c 510 A D ) and it was used 
in churches as early as 612 A D The invention of clocks driven 
by weights is ascribed to Pacificus, archdeacon of Verona, m the 
9th century A D The pendulum clock was introduced about 
1657 A D and was cheifly due to Huygens 

An attempt for the measurement of time and to fix the hour 
of the day as well as to prepare a calendar for practical 
purposes is as ancient as the human race The evolution has, no 
doubt, been gradual, but the introduction of Time in chronology 
dates to a prehistoric period and it has passed through various 
stages from the ancient down to the modern age 
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Insects and Disease 

By Piuncndu Sen (Calcutta) 


That insects are remarkably instrumental in causing havoc 
agd destruction is an experience of man not of recent years alone, 
but we find its mention even as far back as m the days of Pharaohs 
and the ten plagues of scriptures Whatever little people knew of 
the nature of destruction through the depredation of these six- 
legged creatures in the sphere of agriculture and industry m the 
olden times, it was not until very recently that the importance of 
the insects in propagating disease was recognised 

This relationship of insects to disease comprises a special 
branch of biological science known as the Medical Entomology 
which has made an enormous pace since the last Great War The 
war proved decisively and not without pains that the study of 
the insects, even during such calamities in the life of a nation, 
is an absolute necessity, and as a matter of fact an economic pro- 
position, and not a luxury as some candid politician might say. 
The body louse alone was found to be responsible for the collapse 
and distress of the Serbian armies acting as a vector of trench fever 
and typhus, and was also responsible for the one-half of the m- 
efficients on the Western front during 1917-18 

Trench fever took such an alarming nature during the war 
that the American Redcross Society thought it obligatory to appoint 
a commission to investigate into the matter and to devise means 
of relief. The disease was formerly taken for a modified form of 
typhoid or paratyphoid fever It was only through the untiring 
researches of this commission that the real nature of the disease 
became evident and it transpired that the fever was due to a filter- 
able virus present in the plasma of the blood of a patient being 
spread by the common body louse ( Pediculus humanus coiporis). 
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Medical entomology thus aims at investigating the role 
of insects m causing diseases and its objects are to assess 
the amount of illness or suffering dissipated by the insects, to find 
out the exact source of illness, and to devise means to control them. 
These necessitate the possession of not only a knowledge of the 
insect or a knowledge of the d’sease but also an intimate know- 
ledge of the relationship of the insect to the disease But to possess 
the knowledge of the insect alone is a task by no means easy Once 
an insect has been suspected as a vector of a disease the task for 
the entomologist would be to get it correctly identified This often 
is time-consuming as we may have to send it to foreign countries 
for confirmation of species. But the real difficulty arises when he 
gets to study the life history and biology of the insect so essential 
m all control work. Often this will take several years’ persistent 
study before one can say anything definitely about even a part of 
the life processes of the insect m question 

In order to control the insects efficaciously, they should 
be attacked at stages, generally the early stages either as eggs or 
larvae, when they can be suitably tackled, and unless the bionomics 
of an insect is thoroughly worked out, these stages are apt to be 
missed Here lies the real importance of the biological studies, 
time-consuming though they may seem at the beginning The 
practical man, our financier, in the meantime will perhaps grow 
impatient and suggest why waste time and money on these 
elaborate studies but strike outright at the insects which appear to 
be the cause of the trouble or malady This urge from the financier 
has well been taken advantage of by the commercial people and 
to-day the market is beseiged with various unintelligible brands of 
insecticides and sprays There is a wrong conception cherished 
by average man that killing the insects indiscriminately by some 
poisonous sprays or gases would remedy the whole matter While 
this may be a good proposition, it cannot, however, be achieved 
m practice 

In trying to control the insects at the’r young helpless and 
innocent stages recourse is no doubt taken to poisonous gases and 
sprays But this is really a palliative method apart from the im- 
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-pression, spectacular or otherwise, that it may have on our clients 
-that vigorous efforts are being made to eradicate the pest - All that 
an entomologist attempts at and can reasonably attain is to keep 
•the insects under human check, so that they may not be as appre- 
ciable a mischief-maker 

Much time and money may, however, be saved by adopting 
some more effective methods which often follow better sanitation 
and hygiene It is a common experience of all public health 
-workers that improvement in the nature of human hab tation and 
* observance of personal hygiene often will lead to miraculous results 
m reducing to a negligible number the disease-carrier insects from 
a locality For the same reason an industrial entomologist directs 
-his activities firstly in clearing the ware-houses and wharfs to oust 
the gram pests from the marketing countries, an agricultural 
entomologist falls back on improved agricultural methods and 
better tillage and drainage, and a forest entomologist depends 
chiefly on sound silvicultural practices and so on Unfortunately 
this opportunity has not been properly seized by the com- 
"fnon people as they would not believe in such comparatively simple 
Solution. - - 

The writer recalls an instance when in a small family party, 

- the hostess asked whether I could do something for a friend of hers 
who is being greatly troubled with an influx of house flies On 
visiting the house, I gathered that the young lady has tried all 
sorts of sprays procurable at the local chemist with very little im- 
provement m the situation I started examining the place and 
found that the flies were sheltering m the iron beams on the roof, 
on sooty strings, and on the ends of the electnc wires for ceiling 
fans which were no longer m use, hanging from the beams The 
situation was aggravated by the insanitary arrangement of 
the store-rooms where grains and vegetables were lying about un- 
-covered and the ‘what-nots’ sticky with a combination of various 
food substances, liquid and solid The beams were painted white 
and the groove of the T-shaped beams covered with fly-proof 
papers, all cobwebs and hangings from roof and walls removed, 
extra sanitary measures were adopted m the kitchens and store 
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-rooms -and m no time the flies m the- place were appre- 
ciably reduced - - 

-Apart from the annoyance the house flies cause by sitting on 
the face and body and buzzing around us, they are important 
carriers of disease germs House flies have been- long known to 
contaminate man’s food with bacilli of cholera, summer 
diarrhoea, dy sentry and typhoid When a fly sits on the stools 
of such patients* the body of the fly becomes infected with the 
disease-producing organisms or bacilli , this fly may then transfer 
the foul organisms to our food by mere contact with it Or : the 

fly may ingest the faecal organisms which multiply m the intestinh 
of the insect and such a fly may pass on the organisms to <dSr 
food through its excreta It is, therefore, a safe principle r tb 
avoid food which has been visited by house flies, wherever 
possible 

The extermination of house flies then is more a sanitary pro- 
position than of any prime pathogenic importance since they are 
not associated with any single disease and their extermination 
would not wipe out altogether any germ pathogenic to man The 
fly by virtue of its domestic habit and characteristic feeding acts 
as an involuntary or accidental carrier of the various germs 
-mentioned above But this is no speciality of the flies Any insect 
visitor m the house may act similarly if it by chance or error happens 
-to infest the body with some d sease germs 

A closely allied form viz the tse-tse fly (Glossina), the 
principal insect vector of sleeping sickness or trypanosomiasis 
v presents a different aspect of vectorial predominance to that of the 
house flies The Glossina are blood-sucking viviparous insects of 
great agility and are specially restricted to Africa The tse-tse fly 
has been known to get the infection from the wild 
animals which are considered as the ‘natural reservoirs’ 
for the disease germs, but the insect may also acquire 
the germs from human beings suffering from sleeping 
sickness as has been observed in Glossina palpahs The 
fly taking the infection develops the trypanosome parasites within 
its gut and after about three weeks or more, the parasites invade 
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the salivary glands of the (insect where the pathogenic protozoan 
organisms remain infective as long as the fly lives 

The entomology of the Glossma, which although are known 
to be carriers specific in nature, thus affords a special difficulty 
because of the ever-present animal reservoirs of trypanosomes, and 
the problem of control is much more complicated than in any other 
vectorial forms dealt in this article . The wild animals 
will always remain the source of danger Here we go 
a step further than mere sanitary precautions as the insect 
has to be controlled by reducing its chances of carrying the infec- 
tion from the wild animals which supply the blood meals to the 
fly, in other words, the tse-tse fly requires controlling by disbalanc- 
mg its natural food supply But by what methods this food supply 
may be best controlled, the entomologists are still at variance 

While talking of the flies, I may mention the genus Stomoxys, 
another group of blood-sucking flies but of minor importance 
These flies, though they are pests mainly of the domestic animals 
.such as cattle and horses, will also attack men occasionally and are 
ciedited for carrying the anthrax and surra disease (a form of 
trypanosomiasis) amongst men merely by mechanical methods. 

A typical example of the application of the knowledge of 
insects m preventive medicine is supplied by the anopheles 
mosquito, which, so far as our knowledge goes, is the sole carrier 
of the malaria germ Plasmodium Here is an insect which is 
associated with one of the worst and easily contractable diseases 
that man may suffer The malaria germ, a protozoon of the group 
sporozoa must pass a part of its life cycle withm the anopheles 
mosquito if the disease has to be spread amongst men, thus unlike 
the non-blood-sucking house flies the successful elimination of the 
anophehne mosquitoes would undoubtedly control a specific 
disease, viz , the human malarial fever A wonderful link is found 
to exist between the man, the protozoon parasite and the mosquito, 
and if the link can be effectively broken anywhere in the chain, 
the malaria would forthwith subside 

In a patient attacked with malaria fever the parasite undergoes 
development asexually within the blood and there the sexual forms 
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known as the gametes appear The parasites after this stage, if 
sucked with the human blood by certain mosquitoes of the genus 
Anopheles, would pass into the sexual phases inside the gut of 
the insect and by the union of the male and female gametes the 
familiar zygotes of the malanologists result The cytoplasmic 
contents of the zygotes or the mother cells at a later stage undergo 
several divisions and modifications till the minute thread-like 
bodies, the sporozoites, are found These elongated vermiform 
bodies or the sporozoites as they are called technically, subsequent- 
ly invade the salivary glands of the mosquito and once lodged in 
these glands, the parasites find an easy passage to the body of a 
healthy person when the infected mosquito bites such a person 
Thus an apparently healthy person contracts malaria, often un- 
aware, through the visitation of an infected mosquito into his abode 
or place of repose 

Since as I have said, if the link between the man, the mosquito 
and the parasites be broken, malaria would disappear substantially, 
the entomologists maintain that every practical malariologist should 
divert his whole-hearted action against the mosquitoes as the 
principal measure for controlling the malaria fevers That is why 
we hear so much talks in recent years about the mosquito control 
schemes in all malarious countries 

Malaria is believed to have existed in India from very ancient 
times and the writers of Hindu medicines, m ages ago, recorded 
m their own way about the existence of the intermittent and re- 
mittent malarial fevers In the Charaka-Sanhita, mention has also 
been made of the fevers being spread by mosquitoes That 
mosquito is a menace to society has thus been long recognised, 
strange though it may seem that our city fathers have after 
all nodded their hoary heads from their exalted seats to launch a 
mosquito-control scheme for this metropolis only to-day. 

Anopheles is not the only mosquito of medical importance ; 
the mosquitoes of the genera Culex and Aedes (Stegomyia) are also 
implicated in the propagation of diseases. The Culex is respon- 
sible for transmitting Filaria worms which produce elephantiasis 
and other lymphoid varices amongst people The stepping stone 
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of tropical medicine was laid by the discovery of this parasitic worm 
m the blood of man and here was the first parasite proved to be 
disseminated by a mosquito The mosquito sucks up the larval 
worms of Filana, which periodically appear in the peripheral 
circulation of an infected human host, while feeding on him The 
parasitic worms attain their maximum size within the mosquito, 
these mature worms afterwards invade the proboscis of the insect 
Here the worms wait for the mosquito to bite another person when 
they are injected into the abraded skin of the victim , the worms 
ultimately travel to the lymphatic tissues and in no time 
the elephantoid disease becomes obvious in the person attacked 
Aedes (Stegomyia) mosquitoes, m their turn, carry the germs 
of that dreadful disease called yellow fever amongst men The 
disease is restricted to Africa and parts of South America, and 
fortunately for us, so far the disease could mot establish itself m 
■India, although the very species responsible for transmitting the 
disease is widely distributed m our country 

Yellow fever often assumes a blazing epidemic form m Africa. 
The disease is almost always fatal to the Europeans and 
other settlers, but the attack is milder in Africans On serological 
tests it has been ascertained that the indigenous population of Africa 
carry the disease in a latent state and have attained a special merit 
of resisting the disease The native of Africa through long suffer- 
ings has developed this partial immunity that he enjoys to-day, 
nevertheless he carries the germs of yellow fever and is a constant 
source of infection to the susceptible population The premoni- 
tion of the European m selecting his dwelling place away from the 
native population should not therefore be thought as an infallible 
indication of colour hatred Aedes ( Stegomyia ) jasciata is also a 
earner of Filaria bancrofti in the same way as Culex does, and 
carries the virus of dengue fever as well, so common in India 

Similarly, kala-azar, that scourge of eastern India and 
-especially in Bengal and Assam, finds a suitable means of transport 
m the bodies of some moth-like midges of the genus Phlebotomus 
(Diptera) The kala-azar commission working in collaboration 
with the Calcutta School of Tropical Medicine and Hygiene have 
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shown in recent years the presence of the causative organisms for 
this disease, 1 e the Leishmania (Protozoa), m the midge 
Phlebotomus argentipes This dipterous insect again acts as a 
carrier or porter of the germs of oriental sole, and m the Mediter- 
ranean region the papataci 'fever which usually remains for three 
days is carried by another species, Phlebotomus papataci 

One more group of blood-sucking dipterous insects, that is 
the genus Simulium deserves a reference here Insects of this 
genus usually inflict fatal injuries to the domestic animals but one 
species from the Himalayas is said to be responsible for producing 
detrimental effect on human beings just as much as on the cattle 
So long we have been dealing with the two-winged dipterous 
insects But then Diptera comprises only a fraction of the whole 
range of insects of medical or hygienic interest At the present 
day we know about forty orders of insects, out of which seven find 
their place m books of Medical Entomology Excepting Diptera 
then, there are six more orders containing forms of medical import- 
ance, and we presently pass on to some of them Insects like the 
fleas (Aphaniptera), bugs (Rhynchota) and lice (Anopleura) 
representing three such orders are also associated each with at least 
one important human disease, although none of the three is con- 
sidered to be exclusively responsible for the disease assigned to it. 
Hence their extinction at times of epidemics would certainly control 
the disease for the time being but cannot leave any permanent effect 
as was conceivable m the case of malaria by the extinction of 
Anopheles 

Now let us consider them separately, to begin with, the fleas, 
which are principally the carriers of plague bacilli amongst 
rodents especially rats, and from these to man, may be at once 
recognised by their wingless laterally compressed bodies with pro- 
boscis adapted for piercing and sucking 

The Indian Plague Committee have shown that m the common 
rat-flea (Xenopsylla cheopis) the infection is obtained from rats, 
the plague bacilli thereafter multiply within the stomach of the 
flea. A man gets the infection from faeces of such a flea, if the 
faeces are somehow rubbed against the abrasions caused, by the 
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biting of the insect or by scratching the parts bitten. Recent 
observers, however, do not support this view, who hold that the 
bacilli, after the flea had a heavy blood meal from an infected rat, 
multiply within the stomach of the insect to such an extent that 
its proventriculus or the anterior part of the stomach becomes 
blocked When the flea m this condition again attempts to feed, 
the sucked m blood being unable to penetrate the almost solid mass 
of the bacilli in the stomach of the insect, necessarily gets regur- 
gitated which carries the infection to a fresh person 

Another flea, 1 e Tunga penetrans, causes the ‘Chigoe’ or 
‘Jigger’ disease in man This is produced by the female flea 
burrowing into the flesh where she afterwards transforms into the 
shape of a small globule, and to an uninitiated eye no trace of 
the flea would be visible The part attacked becomes sore and 
gives intense irritation Originally a native of South America, 
the insect has been earned to Africa through shipping and also 
introduced to ports of India only recently 

Turning to bugs, one naturally thinks of the bed bugs (Cimex) 
first They are highly noxious insects and are despised by all 
civilised societies, not only for their irritating b’tes, but also for 
the idea that these creatures are associated with filthy and dirty 
surroundings Bed-bugs m the mediterranean districts possibly 
carry the germs (spirochaetes) of relapsing fever, although lice 
would appear to be the proper vector for the disease The bugs 
can be experimentally infected with the plague bacillus, Trypano- 
soma of sleeping sickness, and Leishmania of kala-azar, and an 
eye of suspicion may as well rest with them while dealing with 
the diseases mentioned In nature, however, they have never 
been found to carry the germs of these diseases 

Besides, there are certain larger bugs belonging to the genera 
Triatoma and Rhodnius (Reduvndae) Insects of both these 
genera suck human blood at night, and certain Triatoma bugs have 
been found to be carriers of Trypanosoma m South America The 
problem of bug-control then is a world concern, and amehoiation 
of the slum position is a necessary corollary to any sound bug 
control scheme. 
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I have already spoken of the lice transmitting the trench fever 
among soldiers during the last War They are highly active in 
crowded barracks and military encampments where the inmates do 
not get proper washes or laundering for days together Here again 
the question of lice control is purely a hygienic proposition, they 
are seldom found on the body of a clean person The lice, when 
present on the body of a person, may infest any conceivable part 
and at least three forms of them are distinguishable from the human 
body, viz the head louse { Pediculus humanus capitis), body louse 
(Pediculus humanus coipons), and the louse from the public and 
perineal hairs ( Phihn us pubis) Dispersal of these insects amongst 
folks usually is accomplished through direct contacts or they may 
be contracted by using the infested clothings or beddmgs of lousy 
persons 

The lice may as well act as carriers of relapsing fever as 
mentioned before, and so of typhus The pathogenic organisms 
carried by lice may be transmitted to a healthy person by the insects 
voiding excreta containing these organisms into the abraded skin 
of the victim as had been noted for the trench fever, or 
the organisms may be passed on to the fresh host while the insects 
bite a person as is true for typhus, or the transmission may lie 
effected by the lice being simply crushed and rubbed 'nto the abrad- 
ed skm as m the case of the relapsing fever 

So far I have discussed the important carrier species only, 
that is to say, the insects which are considered as dangerous for 
their capacity to transmit the various disease germs amongst people, 
although the species implicated in these diseases are mostly harm- 
less m themselves But that is not all , certain diseased condition 
of our body may directly be attributable to the dipterous insects, 
referred to as the myasis-producmg Diptera m the medical pro- 
fesssion Myasis is a term applied to all afflictions developed from 
the invasion of the fly larvae or maggots into the human or animal 
body The maggots will often grow in neglected wounds and 
especially when a microbic infection of the skm has taken place, 
the larvae of blow flies or blue bottles (Calliphora), green bottles 
(Lucilia) and screw worm flies (Chrysomyia) have been obtained 
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from such places and the maggots of the last mentioned fly may 
also produce myasis m the passages of the body like urethra 

Larvae of Cordylobia (Diptera) are the main causative source 
for a type of boil m parts of Africa, the boil having a perforation 
m the centre through which the larvae breathe And then there 
may be the myasis of the digestive canal, and the nasal, auditory 
and orbital cavities of human bemgs through the invasion of the 
dipterous larvae into such cavities It is surprising how insects 
can lodge inside the human gut, larvae of about eighteen genera, 
some of which belonging to the order Coleoptera, have been record- 
ed from this region 

There are yet to be mentioned a few more insects which are 
of minor medical and hygienic importance, for instance, the 
cockroaches (order Orthoptera), bees, wasps and ants (order Hyme- 
noptera) Of these the cockroaches, as we all know, are 
the habitual guests of our stores and co-sharer of our food and in 
fact may infest any dark warm corners m our houses and godowns 
They have been known to contaminate unsuspectedly our food 
and utensils with pathogenic organisms which, if consumed 
through our meals, may produce violent concussion in the human 
system. The bees, wasps and ants may inflict poisonous wounds 
which may need medical attendance, and therefore, these insects 
are included in the domain of medical entomology It must not 
be contended that the list of noxious insects is exhausted here 
There are still left some less important insects, since m an article 
like this it is not possible to describe them all, but then I hope I have 
been able to bring home the importance of the subject to my 
listeners from the descriptions of the insects I could give here I 
have also purposely avoided the insects which spread diseases 
amongst cattle and other domestic animals. 

Even if we take into account this comparatively small list of 
disease-carrying insects, it will appear that they can be ranked 
with the worst foes of man The picture would no doubt appear 
much more amplified if we were to include the numerous insect 
pests of our principal industries No wonder then that much of 
entomologist s time is spent on devising means of keeping down 
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any increase m the number of these insects, and I have mentioned 
m the beginning that better sanitation would bring about the desired 
result m most cases If, however, better sanitation fails to check 
the influx of insects, very careful investigation has to be launched 
to find out the real source of this increase m insect population 
Insect outbreaks should no longer be regarded as indication 
of the wrath of gods , the public mind has been much more educat- 
ed m recent years Should they not take advantage of the offerings 
of science^ Thirst for knowledge and pursuit after truth have 
taught the modern biologists that these outbreaks are determined 
by several environmental conditions, such as the climatic, food 
supply, edaphic and biotic factors, affecting the life of an insect 
The interdependencies of these factors and the various implications 
involved m an insect outbreak are too numerous to mention here 
Because of these intricacies in the insect problems, the subject 
has gradually been slipping off the hands of the already over- 
burdened service amongst whom rank all the great pioneers in 
the field of tropical diseases, I mean the people whose main mtei- 
ests would naturally hover around medicine being members of 
that onerous profession, and more and more academic men and 
trained entomologists have stepped in as they are the 
best suited for the purpose Entomologists to-day are not content 
with the mere study of insects from the zoologist’s point of view 
although “the study of an insect as an insect must always be the 
basis of the entomologists’ training and knowledge, narrow 
specialisation, formerly the chief barrier to the progress of economic 
entomology is gradually giving way before the advance of a wider 
and more catholic study of insect biology and of the relationship 
of the insect to its environment ’ ’ The entomology as it is taught 
in modern institutions is closely linked with bacteriology, 
mycology, protozoology, chemistry and physics. 

Throughout the centuries, the insect-borne diseases have 
fallen on the lot of mankind and swept away those unable to resist 
It is well recognised that the power of resistance to the various forms 
of diseases differs greatly and while this depends partially on the 
physical condition arising out of the environmental tug-of- 
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war, inheritance also plays a great part If these selective 
processes were not there to determine the resistant ind'viduals, 
many species would undoubtedly become extinct In Tropical 
Africa, it has been found that the Negroes arc much more tolerant 
to malaria fevers than the Europeans, and m the United Kingdom, 
the British can resist consumption far greater than any Indian or 
other dark-skinned people The tremendous significance of the 
endemic disease like the malaria m human society is hard to under- 
stand since the processes involved therein are so slow to act that 
they remain often unnoticed even by those actually suffer- 
ing Thus m some well-known quarters the opinion runs that 
the golden age of Greece passed away, nevei to return, not so much 
on account of wars and invasions as because of the selective action 
of malaria There is also ample reason to believe that civilised 
man has practically destroyed the native tribes of West Indies, 
Tasmania and Polynesia mainly by mtioducing his diseases 
to these people and verily has it been said that his measles may 
be more dangerous than his fire arms I fear I have now trodden on 
a highly controversial topic and the matters undoubtedly are some- 
what speculative 

From all that I have said the insect affairs, as they affect the 
medical science, may appear to be hopelessly disappointing at first 
A question may naturally arise ‘can we profitably tackle the host 
of insects known to take a heavy toll on man’s life and conservancy 
or at best telling adversely on the vitality of a nation ^ Panama 
Canal, an endemic malarious area, has been made healthy 
by controlling the anophefine fauna Uninhabitable paits of Africa 
infested with tse-tse flies have been converted into prosperous 
colonies by the activity of the white settlers The terai lands and 
the foot hills of our own country, once found to be unfit for spend- 
ing a single night even because of malaria, kala-azar and like 
diseases, are being more and more reclaimed by civilised people 
These are all glowing instances of the victory of man in the fight 
between man and insects and this has opened up many new 
avenues of robbing the soil cut of its wealth No wonder then 
that people think themselves as the ‘Lords of Creation,’ 
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Men, in a low plane of culture, are unabje to distinguish be- 
tween dream-life and real life The only explanation of 
the origin of this phase of their mentality is the belief 
of the savage man that he has a second self which has 
been away and has returned while weariness was snoring 
upon the flint, the second self — the soul, the ghost (armed 
with the ghost of the flint) was abroad A similai event 
would take place at every place and with the same impres- 
sion resulting therefrom whenever a savage man has watched his 
comrade sleeping, and subsequently listened to his account of 
what he supposes he did, while in reality his body never left the 
spot, there has arisen this one explanation possible, namely, that 
the sleeper’s spirit quitted the body and went forth on its 
adventures 

A dream may be either the experience of the soul when absent 
from the body of the sleeper, or it may be a visit from the soul 
of the person or object dreamed of, as phantoms visit and converse 
with the professional spiritualist The modern spiritualist believes 
that, while a person is in an unconscious state, his phantasm visits 
distant parts, and communicates with the living and the medium 
has the power of summoning also the spirits of the dead 

Even if the savage suspects some difference existing between 
dream-experience and real experience, his language does not 
enable him to express it He cannot say “I dreamt that I saw” 
instead of “I saw” therefore dreams must needs be narrated as 
realities, and this strengthens belief in them as such 

The belief m the existence of a other self having been thus 
established, the savage very readily account for the presence m 
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his dreams of parents, comrades or enemies known to be dead or 
at a distance, it is a proof that their soul still exists For he 
naturally thinks that the persons, whom his spirit meets in dreams, 
the horse, the dog, the waving trees, are sprits also, and all mam- 
inanimate things seen m dreams are ghosts of the material things 
Many persons have a superstitious objection to waking a 
sleeper suddenly, savages are forbidden to do so, because the soul 
just then might be wandering, and not have time to return to the 
body, and then the sleeper would be a dead man This savage 
belief has a striking parallel in the folk-lore of the modern Hindu 
of Bengal The Bengalis also believe that during sleep the man’s 
soul or other self leaves the sleepei’s body and goes 
about wandering and encounters many adventures An 
amusing story is told m illustration of this belief It is as 
follows . Once upon a time a sleeper’s other self left his body 
and being desirous of partaking of good food stored m an earthen 
vessel m a particular individual’s kitchen entered the latter’s cook- 
ing-room and went inside the pot to partake of that viand The 
eaithen pot was probably uncovered at that time But after the 
sleeper’s soul had entered it, the earthen platter which covered 
the pot somehow or other got into its proper position and com- 
pletely covered up the pot containing the food In consequence of 
this, the sleeper’s soul could not emerge therefrom When the 
day dawned the sleeper did not wake up as his soul was imprison- 
ed in the vessel He was taken for dead and preparation was 
then made for taking him out for cremation But lo and behold, 
he suddenly waked up and sat up bolt upright just as a living man. 
does This was due to the fact that the cook by accident lifted 
up the earthen cover from the vessel inside which the sleeper’s soul 
was imprisoned As soon as this was done, the sleeper’s other 
self emerged from the vessel, and returning to the body- of the 
sleeper, who was supposed to be dead, re-ammated it Thus the 
sleeper supposed to be lifeless came to life again 

The foregoing incident is paralleled by one which happened 
m Central Europe and m which the sleeper died owing to 
her wandering soul not being able to find out its tenement of clay 
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It is reported that in Thuringia at Saalfeld a servant-girl fell 
asleep whilst her comrades were shelling nuts They observed a 
little red mouse creep out of her mouth and run out of the window. 
One of the fellows present shook the sleeper, but could not wake 
her up , so he moved her to another place Presently, the mouse 
ran back to the former place, and dashed about, searching for the 
girl’s body, and not finding it it disappeared , at the same moment 
the girl died 1 2 

The savage belief that m dreams a man’s soul or spirit goes 
through various sorts of activities and performs various kinds of 
adventures, and that the dreaming person believes his deam-actions 
to be real and vivid, is strikingly illustrated by the follow- 
ing incidents which Sir Everard 1m Thurn came across among the 
Indians of Guiana He says • “One morning when it was 
important for me to get away from a camp on the Essequibo River, 
at which I had been detained for some days by the illness of some 
of my Indian companions, I found that one of the invalids, a young 
Macusi, though better m health, was so enraged against me that 
he refused to stir, for he declared that, with great want of consider- 
ation for his weak health, I had taken him out during the night 
and had made him haul the canoe up a senes of difficult cataracts 
Nothing could persuade him that this was but a dream, and it was 
sometimes before he was so far pacified as to throw himself sulkily 
into the bottom of the canoe At that time, we were all suffenng 
from a great scarcity of food, and, hunger having its usual effect 
m producing vivid dreams, similar events frequently occurred. 
More than once, the men declared in the morning that some absent 
man, whom they named, had come during the night, and had 
beaten or otherwise maltreated them , and they insisted on much 
rubbing of the bruised parts of their bodies 


1 M R Cox, An Introduction to Folklore New and enlarged edition London* 
David Nutt 1897 p 43 

2 Edward Clodd, Animism, London Archibald Constable & Co , Ltd 1901, 
pp 3 1 -32 
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The interpretation of omens and dreams occupied a good deal 
of the attention of ancient soothsayers and augurs “The flight 
of birds is another means of augury, a word which is, in part, 
derived from Latin avis, a bird The Romans called the bird-seer 
auspex We still talk of favourable auspices The art of taking 
omens fiom birds and animals is familiar to savages and extends 
upwards to the civilised In classic writings, there are many allu- 
sions to the divining powers of the seer, the feeder of the oracular 
birds English people have their curious superstitions about birds, 
quite on a part with those of the Moan, the Tatar, the Dayak and 
the Kalmuc 

Then again “Animals and buds in dreams weie interpieled 
as persons then as now, and the symbolical interpretation 
oj dreams is not unknown either to the lower races 

The fact that dreaming of animals and birds prognosticates 
persons, or more psecisely speaking, the birth of persons is strik- 
ingly illustrated by two famous dreams which are recorded in the 
religious history of Northern India When MayadevI conceived 
the birth of Buddhadeva, the great founder of Buddhism, m her 
womb she saw, in a dream, that a white elephant was entering 
that part of her body 

Then again there is current m the district of Rangpur m 
Northern Bengal a folk-ballad connected with the cult of the god- 
ling Scnaraya In line 42 of the first folk-ballad the following 
curious fact is stated, namely, that Krishna, assuming the form of 
a white fly, entered Yasoda’s womb (Most likely Yasoda saw 
this in a vision or dream, though it is not definitely stated in the 
ballad itself) 3 Subsequently Krishna was born as the godhng 
Sonaraya 

Then again, coming to quite modern times, we find 
that among the people of the Bombay Presidency the dreaming 
of a pigeon held m the hands prognosticates the birth of a daughter 

3 Vide my article entitled On the Cull of Sonaraya m Northern Bengal’ 1 
published ih the Journal of the Department of Letters of the Calcutta University Vol 
VIII. 
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to the dreamer While if he dreams of the young ones of a pigeon, 
it betokens that many children will be born to him If he dreams 
of a sparrow’s nest it indicates that he will have many children 
If a pregnant woman sees a kite in a dream it betokens that a 
handsome son will be born to her 1 

The ancient Indians also had their dream-lore and drew omens 
and prognostics from the interpretation of dreams We arrive at 
this conclusion from the study of Kadamvari ( ) which 

is a famous prose romance composed by that eminent ancient Indian 
author Bana, who flourished in the first part of the 7th century 
A D during the reign of King Sri Harsha at Kanouj 

In the aforementioned Sanskrit romance, there is an episode 
which runs to the following effect — 

In ancient times there lived in Ujjami a mighty king named 
Tarapida and his queen whose name was Vilasavati His 
minister was a Brahmana named Sukanasa Both the king and 
his minister were childless Both the king and his minister passed 
some time in this way, both of them saw dreams which are 
described as follows m the undermentioned Sanskrit text — 

English Translation 

Thus as time rolled on once in the fading hours of the night 
and while the sky looked grey like the wings of an old pigeon, 
owing to a few lingering stars dimly shining, the king (Tarapida) 
saw in a dream the moon complete m all her digits entering the 
mouth of (Queen) Vilasavati sleeping m the topmost apartment of 
a white palace just like a bracelet of a lotus-stalk entering into the 
mouth of a she-elephant 

4 Vide Khan Bahadur Bomanj:e Byramjee Patell’s paper “On a Few Dreams and 
Their Interpretation among the Naiioes of Bombay” in The Journal of the Anthropo ' 
logical Society of Bombay t Vol VII, pp 136-147, 
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^<3 I ^1? W d'jiij (cW rf-*t> tr 3 N '-t< 

Tf^GRFn RT%f rj'&l\ 

English Translation 

I (Minister Sukanasa) too have seen tonight in a dream a lotus 
placed on the lap of my wife Lady Manorama by a twicebom 
of heavenly appearance, of serene attitude and clad m garments 
all white — that full-blown lotus shedding minutely small drops of 
honey, fibrous on account of thousands of filaments gently moving 
and the hundred petals of which were as white as the digits of the 
moon 

Shortly after both the King and his Minister had dreamt the 
aforementioned dreams a son, who was named Chandrapida, was 
born to the King While a son, who was named Vaisampayana, 
was born to the Minister Both the prince and the Minister’s son 
were equally handsome and possessed brilliant mental accomplish- 
ments. 

We have already stated above that Mayadevi, when she con- 
ceived Buddhadeva m her womb, dreamed that she had swallowed 
a white elephant While Yasoda perceived m a vision that a white 
fly had entered her womb when she conceived Sonaraya The 
colour white, therefore, betokened that the sons which would be 
born to them would possess divine attributes Then again the 
bright effulgence of the moon which Queen Vilasavatl swallowed m 
her dream and the full-blown lotus of which the petals were as 
white as the digits of the moon was placed on Lady Manorama’s 
lap by a Brahmana wholly clad m white garments betokened that 
the sons who were to be born to them would be extremely hand- 
some m appearance and would possess super-excellent mental 
accomplishments . 

But strangely enough, in modern Indian dream-Jore of the 
Bombay Presidency the dreaming of such bright luminaries as the 
sun and the moon prognosticates quite different things. If one sees 
the sun he gets children, land and properties. If he dreamy of 
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the moon he will have wealth and wisdom If he sees himself 
m moonshine it is a sign of coming prosperity But if he dreams 
of an eclipse of the moon the result will be disastrous to him 

Then again if one dreams of flowers he will have pretty 
children If full-blown flowers are seen in the dream, the dreamer 
will have peace at home If one sees in his dreams a garden of 
flowers, the subjects of a king will have peace and plenty 5 6 

It will not, I hope, be out of place to mention here that even 
at the present day Bengali ladies_, when enceinte, drink water or 
the milk of green cocoanuts by looking at the full moon so that the 
children in their wombs may be endowed with great beauty of 
appearance. 

Analogous to the aforedescribed Bengali custom is that, pre- 
valent among the ancient Greeks, of placing beautiful statues and 
pictures before pregnant women, so that by looking at them the 
children in their wombs may be endowed with great beauty This 
is evident from the testimony of the following passage m Prof 
Becker’s Charicles which gives us a vivid picture of ancient Greek 
life, manners and customs 

“The fair enchantress (Cleobule) was this person’s (Poley- 
cles’s) wife but Manes was unable to tell his name. ‘What, 
married cried Charicles m agitation ‘And to a sick old fellow^’ 
continued Nausicrates “By Hera, though, she was beautiful, 
tender and lovely as Aphrodite, with the life and bloom of 
an Artemis Ay 1 ay f the statues of both goddesses must have 
stood in her mother’s thalamos (bridal chamber) 

In a note to the foregoing passage the learned Prof. Becker 
further says “Such effects are commonly attributed to the fre- 
quent survey of beautiful statues, and even Empeodcles noticed the 
supposed fact Plutarch, in his de Plac Philos , V. 12, refers to 
it. On this hinges the whole plot in Heliodor, Aethiop IV. 8, 

5 Op ci t , pp 137-147 

6 Vide Charicles or Illustrations of the Private Life of the Ancient Greeks From 
the German of Prof Becker Translated by the Rev Frederick Metcalfe M A , New 
Edition, London , Longman & Gre?n & Co 1895 p 128, 
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where the queen of the Aethiopians declares that she has brought 
forth a white child, because she had the image of Hesione before 
her,” (see Galen, Hist Phil XIX, page 329) The same author 
also refers to it in de Thenca, XIV, page 254. The reader may 
attach what credit he chooses to Oppian, Cyneg I. 361 , where it 
is stated that the Lacedaemonians placed before their pergnant 
ladies pictures representing ‘‘N1RCA KAI NARKISSON, EUMMELIEN 
D’ ’ANAKLUTHON ” 

In ancient India there lived a class of persons who used to 
earn their livelihood by interpreting the singmficance of dreams to 
those person who dreamt wonderful dreams and, being bewildered 
by the strange happenings in those dreams, wanted to know the 
meaning thereof. From a study of the Sanskrit prose-romance 
Kadamvari which was composed by Bana in the first part of the 
7th century A D we learn that Queen Bilasvati, wife of King 
Taraplda, while very anxious to become the mother of a son used 
to dream strange dreams, and being keenly desirous of knowing 
the singmficance of the wonderful events she saw therein, con- 
sulted these dream-interpreters 

( I ) 
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The relation between man and his kindreds of the vegetable 
world has been, is and will, in all human probability continue to 
be, a close, vital and an intimate one This relation is being more 
and more increasingly recognised as time advances and as science 
unfolds the unknown and makes it thoroughly known to man m a 
variety of ways Our vegetable kindreds, or to use a more prosaic 
term, “plants”, occupy a prominent place in our material 
life supplying us with materials for commerce, giving us 
raw materials out of which domestic utensils, vocational instru- 
ments, etc , are to be made We might go on adding items after 
items of service rendered to us by our goodly neighbours, plants 
This will have the air of a commonplace, but a commonplace 
which will also have an element of romance 

Passing from the material sphere of oui life to the intellectual 
and moral we find to our great astonishment and surprise that m 
these spheres too plants are moreways connected with us than we 
commonly think In erotics, proverbs and popular sayings, 
social customs, literature, architecture, sculpture and painting, 
iconography and numismatics plants are found to play conspi- 
cuously important parts moulding our thoughts m a variety of 
ways Men think, but they think on something , and our vegetable 
kindred constitutes a part of the sum total of things In architec- 
ture they give us models, m our paintings they do exactly the same 
thing , m popular sayings, m metaphors and simihes they supply 
us with means and materials for comparison and very naturally 
they help us in giving artistic expressions to our literary thoughts. 
Some of the roots of our words are supplied by plants Literature 
would have been a poorer thing but for its association with our 
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vegetable kindred In order to make distant near, near distant, 
abstract concrete and concrete abstract we must have recourse to a 
variety of literary devices and herein our vegetable neighbours lend 
us a helping hand A mere weak being — a frail thing would have 
been prosaically described as a woman, but we add to the beauty, 
splendour and poetry of the thing by describing her as a creeper 
dependent on a harder creature, the tree The beautiful face of a 
woman would have sounded a prosaic thing if we had simply called 
a spade a spade, but when one reads, or thinks, or imagines the 
lotus face of a comely lady the impression that is produced in one’s 
mind is artistically a different one Even the forbidden region of 
metaphysical speculations has been entered by plants and we find 
philosophers expressing themselves with the help of botanical 
similies in the Vedic, Upanishadic, Buddhistic and Pauranic liter- 
ature 

The above is merely an indication of the parts played by plants 
m human civilization, especially the civilization of India — a topic 
with which I have exhaustively dealt in a thesis on Plants 
in Ancient Indian Civilization and Cultwe, a venture which 1 have 
been inspired to undertake mainly as the result of studying the 
monumental work, Idistoiy oj Hindu Chemistry , from the pen of 
the great sage, scientist and patriot in honour of whose 70th birth- 
day this humble paper is being contributed 

Our ancient ancestors were not only related to plants, but 
studied them sincerely, thoroughly and scientifically, and built, 
we are sure, a number of sciences as a result of their speculations 
and study, some of which are lost, but some still b ve m fragmentary 
condition Of these sciences, the sciences in which plants had 
their parts to play, are to be noted Medicine, Agriculture and 
Botany 

The perfection reached by the ancients in the science of 
Medicine, with which plants are intimately associated, is well- 
known to the world The infant beginning m the Rik and Athar- 
vamc texts, gradual progress, marvellous perfections reached m 
Charaka and Susruta, and the decline of the scientific spirit, which 
Was superseded by the mythological one, constitute a story which I 
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have told m my own way m the second book of a treatise called 
Vanaspati, from which the following lines are quoted here “The 
further story of the science of Medicine m India can be very briefly 
told It is the story of monotony and stagnation — no develop- 
ment, no progress, no practical addition, rather, the spirit of 
enquiry, the desire of explanation, a hankering after the solution 
of each problem, the, motive of searching analysis and scrutiny are 
all gone In the Hindu science of Medicine, mythology with its 
vast array of gods and goddesses intrudes , and although the 
science has been practised, and it is being practised still 
with wonderful efficacy, the progress has been arrested for good 
and all The wonder of wonders is that the Indian science of 
Medicine, which was developed centuries before the modern 
science of Medicine came into being, has stood so long the^ wear 
and tear of time, of revolutions and conquests, and in all essentials 
is still as perfect as ‘the most developed European system’ of to-day „ 
and considered from the point of utility it is peculiarly usefu,l and 
efficacious to the people of the land of its origin The glory of it 
is that it can still cope with any other system of Medicine, and the 
misfortune and shame of it is that it has not received ade- 
quate attention and has not consequently undergone any 
improvement. 

The allied science of Agriculture, as its name indicates, is also 
intimately associated with plants Agriculture was not looked 
down on as an occupation for the low class of our society, but was 
practised with their own hands by our old ancestors, the Rishis 
,We have abundant materials m the Vedic texts showing the infant 
beginning of the science , we have the development of it indicated 
in the Arthasastra, Sukramti and Knshi Parasara It is a pity 
that the science did not undergo further development, and I may 
in this connection as well reproduce my remark on the subject from 
the treatise mentioned above. “Our survey of the genesis and 
development of ancient science of Agriculture shows that after it 
has reached a certain state of perfection there has been no further 
improvement in the mode of cultivation, no accurate observation 
and na useful experiment The scientific principles underlying 

66 
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the art under unfavourable political circumstances came to be for- 
gotten, and agriculture instead of being a concern of the state, a 
matter of expert knowledge, came to be the occupation of the 
lowest strata of the population with the result that the fertile India 
noted by Megasthenes „ and others for its absolute absence of 
famine became scenes of dearth and famine during the 
Mohammadan rules again and again, and many times during the 
British rule too.” 

Both the sciences of Medicine and Agriculture pre-suppose a 
knowledge of the science of Botany of which I am an humble 
student. It is clear that without a thorough knowledge of 
the science of Botany the sciences of Medicine and Agriculture 
could not have undergone the perfection they did There was 
indeed a science of Botany m ancient India dealing with plants in 
a scientific way. Unfortunately with the decline and arrest of the 
scientific spirit at an early period of Indian history, it could not 
undergo any further deveoplment It is difficult, but not 
impossible, to reconstruct a history of the science of Botany in 
ancient Inda, and I have attempted the task m my humble way m 
the first book of my V anaspati, where I have tried to reconstruct the 
history of the genesis, development and decline of the science of 
Botany m ancient India with the help of Vedic, Upanishadic, 
Buddhist and Pauramc literature It is clear from the evidences 
supplied by the Rig-Veda, Brihadaranyaka Upamshad, Agmpura- 
nam, Vrihatsamhita, Sarngadhara Samhita, Vmaya texts and 
others that our ancient ancestors .had a fair knowledge of what 
botanists call germination of seeds, descriptive morphology, 
physiology of nutrition including absorption, transport and manu- 
facture of food. The phenomenon of the ascent of sap m plants, 
a baffling problem to plant physiologist, has been very briefly but 
ingeniously explained thus 

“Just as water may be drawn m through the lotus petiole 
applied to the month, so also plants (with roots) drink (absorb) 
water (watery solution) with the help of air ” Thus the existence 
of a suction force in the leaves which is greatly accelerated by air 
and the uninterrupted passages for the water to go up the stem — • 
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the two most 'important factors in the ascent of sap m plants — were 
known to our ancestors 

After the food materials are brought into the leaves the process 
of assimilation commences, which is also very naively described m 
the same treatise thus “Agm (solar eneigy) and air (C0 2 ) help 
in the assimilation of the water (watery food materials) which is 
absorbed through the roots of the trees (and conveyed to the leaves). 
And it is on account of the assimilation of this watery solution 
that the vegetable kingdom undergoes development and becomes 
graceful.” Here also we find that the knowledge of the two 
essential factors m the manufacture of food, namely, solar energy 
and CO„, was already anticipated by them 

Our ancestors recognised plants as conscious beings capable 
of pleasure and pain, and in the organic evolution the plants were 
regarded by them as of lower grade than the animals. Their 
knowledge of the various methods of propagation, both natural 
and artificial, was astonishingly modern In Taxonomy and 
nomenclature the ancient Hindus perhaps excelled their con- 
temporaries. Sir William Jones was so much impressed with their 
method of naming plants that he wrote, “I am very solicitous to 
give Indian plants their true Indian appellations because I am fully 
persuaded to believe that Linnaeus himself would have adopted 
them had he known the learned and ancient language of 
the country.” Each plant was given double names — one based 
on a salient morphological feature (Panchayajnapika Samga), and 
the other on some prominent medicinal or other properties (Guna- 
prakasika Samga) Classification of plants was based on three 
principles, namely, botanical, medicinal and dietic, and with the 
exception of the botanical the other two classifications were at once 
scientific, thorough and exhaustive. The principles of heredity 
were discussed and understood, and m a way Atreya’s ‘‘germ- 
plasm theory” was an advance on the conception of ‘‘gemmules” 
and ‘‘'ids” of modern biologists 

It is a matter of pride for us that our ancestors anticipated the 
moderns in some of the fundamental discoveries of botanical 
science , it is a pity that the spirit which was at the root of it died 
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wdown _ -But it may be hoped that the scientific spirit which inspired 
our ancient ancestors will be revived, nay, it is being revived, under 
..the influence of great pioneers who have combined the scientific 
method of the West with the 'illuminative intuition of the East, 



The Preparation of Manganese Dioxide Sol 

By M K - Shnnivasan (Bennies) 

(Communicated In Di S S Josln) 

In view of its well-known and characteristic instability several 
methods have been elaborated by various workers from time to 
time to prepare colloidal manganese dioxide Gorgeu , 1 and 
Spring and de Boeck 2 3 4 5 6 7 8 prepared this sol in electrolyte-free condi- 
tion by washing freshly prepared samples of manganese dioxide 
with conductivity water Tnllat 1 claims to have piepared this sol 
by the oxidation of alkaline solutions of manganous salts under 
the protective influence of gum arable, gelatine and dextrine E 
J Cuy 1 has, however, observed that'- “he (Tnllat) adduces no con- 
clusive evidence to show that he was' not dealing with complex 
copper tartarate and complex "copper gly cerate ’’ Marck’ obtained 
this sol from potassium permanganate solutions by using hydrogen 
peroxide, Spring and de Boeck with aqueous solutions and sodium 
sulphite, Deisy 0 with arsemous acid, Fremy 1 with sulphuric acid, 
Ganguly and Dhar R with manganous sulphate, Witzemann 9 with 
glucose, fructose and galactose, and Cuy by using aqueous 
ammonia. It should be observed that all these sols contain elec- 
trolytes produced during the formation of the sol In nearly all 

1 Gorgeu Ann Chun phys 1862 66 155 

2 Spring & de Boeck Bull Soc Chun 1887 58 170 

3 Tnllat Bull Soc Chxm Pans 1904 31 811 

4 E J Cuy Jour Phys Chem 1921 26 415 

5 Marck Dissertation Heidelber (1907), Ann Chim Pharm 1867 141 205 

6 Deisz, Koll Zeitsch 1910 6 69, ibid, 1914 14 139 

7 Fremy Comptes Rendus 1876 82 475 

8 Ganguly & Dhar Jour Phys Chem 1922 26 701 

9 Witzemann Jour Amer Chem. Society 1915 37 1079 
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these cases, this electrolytic impurity would appear to be essential 
for the stability of the sol. Its removal by dialysis leads to the 
precipitation of the colloid on the parchment paper. An interest- 
ing method of preparing this sol m electrolyte-free condition was 
developed recently in these Laboratories, 10 viz., by charging the 
dialysing septum to a suitable negative potential. 

The present communication records the results of experiments 
which were carried out with a view to examine if more concentrat- 
ed sols could be prepared by using solutions of glycerol, gelatine, 
gum arabic, and sodium obate as protectives. 

Using glycerol m small quantities, it was observed that its 
oxidation by KMn0 4 (as judged by decolorisation) was the mam 
process, no colloid was formed. Use of increased proportions 
of KMnO, and ammonia gave but unstable sols. 

The use of 1 % gelatine solutions was next tried. As a result 
of a number of experiments it was found that sols of but low con- 
centrations were obtained. Moreover, these sols coagulated m 
about 7 hours. Essentially similar results were obtained m 
a number of experiments with sodium obate solutions. These 
results are interesting m view of the well-known strength of gela- 
tine and of sodium obate as proctective agents. Work now is m 
progress to investigate this apparent anomaly 

Use of gum arabic gave the most satisfactory results With but 
trkces of this substance dissolved m water and warmed with 
IN KMnO, solutions, sols were obtained which were markedly 
stable These could be filtered and diahsed without coagulation 
This is contrary to results obtained with sols prepared by ordinary 
methods. The residual ammonia could be conveniently eliminat- 
ed by boiling, which had no sensible effect on the stability of the 
sol. 

Contrary to experience m previous cases it was found that 
when a dilute solution of egg white was used as a protector, a stable 
colloid could be produced from KMnO, without having recourse to 


10 Joshi & Satyanarayanan /our Ind C/icm Soc 1930 7 883 
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ammonia Best results were obtained when the mixture was 
warmed and kept at 80° for a short period The sol remained 
quite stable for a number of days. Moreover, contact with filter 
paper did not cause any precipitation It was observed however 
that prolonged heating of the original mixture rendered the sol 
unstable. 
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The Environmental Control of Population Movement 

in Northern India 

j ~ 

Bi Radhakamal Mukerjee (Lucknow) 

The distribution of plants and animals is governed very 
largely by temperature and rainfall We hardly realise the extent' 
to which the environment similarly controls the distribution of man- 
kind We have dense populations where natural conditions are 
most congenial to man and the necessaries of life most easily 
obtained The most heavily populated parts of the world are the 
hot monsoon lands of Asia and the lowland plains of the temperate 
lands The hot region of south-east Asia enjoys the unique 
advantage of an abundant rainfall during .summer which is most 
conducive to vegetable growth Thus this region is wonderfully 
productive and most heavily populated in the world 

There are two sub-regions where population is densest These 
are the densely populated plains of China and of India where the 
monsoon rainfall as well as the alluvial silt from the mighty rivers 
are responsible for a marvellous agricultural productivity The 
four more densely peopled provinces of China are as follows — 


Density of population 
per sq mile 


Kiamgsu 875 

Chekiang 600 

Shantung 500 

Honan 454 


The provinces of China generally have been considered so far 
as the most heavily populated regions m the world The 
estimates of population given above represent the most scientific 
and probably the most reliable computation of the population of 
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China that has yet been made These, however, indicate that 
the palm of credit for being the most densely peopled region m 
the world must go to the Indo-Gangetic plain where m some 
natural entities we reach the phenomenal figures of 1 ,000 to 3,000 
persons per sq mile In the three regions — the Northern, the 
Yangtse Delta, and the Canton Delta — the density of population 
does not exceed 1 ,000 to the sq mile Similarly, in the Plain of 
Chengtu, the scene of the most intensive irrigation m China, the 
density of population according to one caieful estimate, does not 
rise beyond 1,700 to the sq mile But m the Ganges Plain the 
density in some rural areas reaches incredible figures of 3 ,000 and 
over Two strips of territory in Mymensmgh joining together m 
the south-western part of Dacca and continuing in a southerly 
direction through the alluvial tracts of Fandpur and Bakarganj 
constitute a block m which the population is m no area less than 
1050 and reaches as much as 2,200 per sq mile 

There is another striking difference in the distribution 
of population m the plains of China and of India In China the 
plains are very varied from the point of view of soil conditions and 
habitability Thus the density is very unequally distributed The 
Ganges Plain, on the other hand, is densely populated throughout 
As we move further and further towards the deltas, the soil and 
climate become more and more favourable to agriculture and rural 
density and we have in the deltaic districts the woild’s highest 
records of concentration of population along the water-ways. 

Now the concentration of population bears very close agree- 
ment with certain universal principles derived from geography and 
ecology These, indeed, suggest how much ecology and 
geography have to offer economics towards the interpretation of 
the distribution of population Ecology is the science of the 
adjustment of living creatures to the environment Now the 
dependence of living creatures upon climate and othei physical 
conditions is the greatest where the natural environment is most 
unfavourable and where the multiplication of numbers has made 
the struggle for existence most acute Fortunately for us a survey 
of the Gangetic Plain and of its borderlands affords the 
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most favourable opportunity of studying at once the effects of the 
most favourable and the most unfavourable conditions of life upon 
the density of populaton. 


Desert and Density 

On the fringes of the most fertile valley of the world we have 
the Great Desert i It is m the environment of the desert that one 
can clearly observe than elsewhere the interaction of plant and 
animal 1 upon each other and the dependence of all living creatures 
upon climate and other physical conditions. In the desert 
we have the closest adjustments of living creatures to the com- 
ponent elements of the environment. The most remarkable ex- 
amples of physiological adaptations arise, for instance, from 
adjustments to scantiness of water. Most animals of the desert re- 
quire little water. Camels have been known to go two months with- 
out drinking. Subterranean rodents find moisture m the bulbs and 
roots of perennial plants, and the sparse but succulent, thick-leaved 
growths, characteristic of, the desert's surface, are often miniature 
reservoirs. Experiments carried out by Buxton have shown that 
even the dry fragments of vegetation blown about by the winds 
contain moisture upon which insects and small animals may thrive 
These dry stalks are capable of absorbing water directly from the 
atmosphere when, as is often the case m the desert at night, the 
relative humidity rises above 80. Many of the animals of the 
desert avoid the intense heat of the daytime by burrowing to cool, 
moist depths and die when exposed to the sunlight or superheated 
sand, rock or gravel of the surface. 

The desert is as hostile to man as it is to animals and plants. 
Normal agriculture is impossible in the desert and man’s life is 
a constant struggle for mere existence m the face of extremes of 
cold and heat with the menace of drought and famine ever at hand 
and of such aberrations of the climate such as long droughts, torren- 
tial rams, unusual frosts, and violent whirlwinds The marked 
seasonal changes breed the nomad. The nomad is wholly 
dependent upon the flocks, around the preservation of which 
the entire course of his life revolves. North-west of the Aravalh 
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range in Rajputana, south of the Plains of Northern India, 
there is a vast dry area, with a rainfall generally less than 10 inches 
annually, which slopes gradually towards the Indus Valley and 
the Punjab Plain This forms the Thar or Great Indian Desert. 
It consists of a sandy waste interrupted by hills and (waterless 
valleys The ground is often entirely bare Here and there grow 
a few desert shrubs and plants Jaisalmer lies in the centre 
of the Thar with a mean rainfall of only 6 7 inches and is a barren 
desert The people here are very greatly nomadic depending on 
their herds of cattle, sheep and goats. Out of a population of 
88,311 the number which is supported in this way comes 
to 19,810 Throughout Rajputana population is sparsely distri- 
buted and the dictum holds good that a scanty rainfall means a 
scanty population In the Western division, which embraces the 
Great and Little deserts of India, the normal rainfall varies from 7 
to 13 inches Even this amount is very capucious and falls mainly 
during storms. Here the density of population is only 59 per sq 
mile. This sparse population can be maintained with difficulty 
on account of the extraordinary variability and local character of 
the rainfall Thus famine is recurrent m the dry grass lands. An 
ancient couplet speaks of this dread monster thus 
“His feet are m Punjab 
His head is in Merta 
His belly’s m Bikaner 
In forgetful moments, 

He Til visit Jodhpur, 

But he is always in Jaisalmer.” 

The soil here is often fertile, and if irrigated would no doubt, 
m some parts at least, be capable of supporting as great a popula- 
tion as the canal colonies of the Punjab But there is at present 
no irrigation as there are no large rivers which can be used for this 
purpose Even if rivers existed, irrigation would have been diffi- 
cult as the land is uneven and irregular. In the decade 1891-1901 
which was one of disastrous famines, the population in the Western 
division showed a heavy decrease of 25 4 per cent where the varia- 
tions in rainfall are most critical. The whole tract necessarily is 
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subject to marked fluctuations m migration. A considerable por- 
tion of the population is, as we have seen, of the nomadic sort, which 
moves backwards and forwards with its herds at the first signs of 
failure of ram, or crops or fodder iVillages spring up only where 
a little water is available and millet and fodder can be grown 
Often, however, the water m the wells fails or becomes brackish 
and then the village has to be abandoned 

- It is a' curious’fact that m the Indian desert we find a striking 
disparity between the proportions of the sexes In most of the 

Rajputana states and districts the proportion of women in 
their actual populations *is low, m Jaisalmer-the ratio is the lowest, 
there being only 820 females to 1 ,000 males A theory has been 
put forward that the ratio of females to males is depressed by a 
dry and hot climate, particularly if accompanied by a considerable 
range of temperature One effect of the rigorous environment 
no doubt, has been that in the Western Division in Rajputana, which 
is the' driest and hottest, there is less inclination among men to 
take uport themselves the bondage of wedlock than elsewhere 
The proportion of bachelors over the age of 15 is highest here. 
This tendency to celebacy is most marked m Jaisalmer state where 
nearly half of the males between 20 and 40 lemain unmarried At 
the same time it seems extraordinary that the state with the lowest 
proportion of females also shows almost the greatest tendency to 
polygamy It is clear that both the hostile environment and the 
roving fluctuating life of the people have produced such aberra- 
tions Nothing can illustrate better the control of man by the 
environment 

« South-east of the Indian desert there is the hilly, mountainous 
plateau or Rajput Upland region which embraces a number of 
native states most of which played an important part in the history 
of Imperial Delhi Sandy wastes extend from here towards the 
north and the north-east and here and there may be found the 
vestiges of rivers which have lost themselves in the sands, and of 
cities which have been sand-buried The region receives less than 
25 inches of rain and passes gradually to the Ganges Doab where 
the normal rainfall is nearly 30 inches and hot winds blpw 
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in summer Here we have the economic and climatic frontier 
separating grazing country from cultivated plains This often 
corresponds approximately to the twenty inch rainfall line The 
deficiency of rainfall here is hot as serious in its effects upon the 
wild grasses of the pastoral country as upon the crops of 
the cultivated region But when the rainfall is deficient over wide 
areas the drought limits extend to parts of the Doab, fringing the 
and regions of the interior 'The 1 Doab is also a hot and dry 
region, like the Rajput Upland region, but while the latter is hilly 
and makes irrigation difficult, the former is one great plain sloping 
very gently from Delhi (700 feet) to Allahabad (400 feet) The 
rainfall gradually increases as we travel down the Doab and we 
can take the confluence of the “rivers, through which the 40 inch 
rainfall line passes, as the eastern limit of the dry region of the 
Upper Ganges Plain 

- <r 

The Ganges Doab and Intensive Farming 

The Upper Ganges Plain is now intersected by canals and its 
agriculture has been revolutionised The region is extensively 
cultivated and there has been an enormous concentration of human 
and cattle population As we proceed along the course of the 
Ganges farther there is more ram and a smaller range of tempera- 
ture Irrigation is also less difficult The subsoil m many parts 
of the Doab especially towards the east is peculiarly favourable for 
well construction In the Rajput Upland region the staple food 
is millet , in the Upper Ganges Plain wheat is introduced 
by canal irrigation though millet also forms a very important crop, 
second m importance only to wheat ; in the Middle Ganges Plain, 
the wet region crop, rice becomes more important than wheat, and 
supports a heavy population An abundant rainfall in summer, a 
high and equable temperature, an annual inundation by the rivers 
carrying rich detritus from the Himalayas, an arranged succession 
of leguminous crops along with rice, — all these have contributed 
to make the Ganges Valley the most productive' in the world But 
man by his multiplication even in the most fertile valley 
has increased his struggle for livelihood to such an extent that the 
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slightest disturbance of the natural conditions of agriculture pro- 
duce violent reactions upon his standard of living and even his 
numbers. Throughout the Ganges Plain the incidence of the 
density of population bears a close correspondence with the per- 
centages of the net cultivated and the double cropped area to culti- 
vable area. This will be clearly evident from the statistics of 
population, agriculture and water supply of the typical districts m 
the different natural areas of the United Provinces • 


Name of Distnct 
(arranged accord- 
ing to natural 
regions) 

Normal Rainfall 

Net cultivated to 
cultivable area 

Percentage of 
Irrigated to' irri- 
gable area 

Area cropped more 
than once to total 
cultivated area 

Density of 
Population Rural 
Density in 
parenthesis 

Gangeitc Plain, 

West 





Meerut 

28 09 

82 4 

36 8 

33 4 

652 (545) 

Bulandshar 

26 0 

80 5 

49 8 

31 7 

560 

Aligarh 

25 0 

79 9 

60 2 

21 5 

545 (456) 

Muttra 

23 6 

82 5 

40 3 

125 

427 (356) 

Gangetic Plain, 

Central 





Cawnpore 

31 8 

75 3 

44 7 

94 

485 (392) 

Unao 

33 4 

69 3 

44 0 

18 7 

458 

Partabgarh 

37 9 

74 3 

53 7 

28 0 

592 

Gangeti c Plain Cast 





Benares 

39 9 

82 6 

68 2 

22 8 

698 (704) 

Jaunpur 

40 6 

76 0 

71 2 

25 6 

745 (711) 

Azamgarh 

40 4 

77 3 

79 9 

26‘2 

690 

Ballia 

41 4 

78 8 

5 6 

24 6 

679 


Table I. 


A limit seems to have been reached in the major portion of 
the plain in the direction of extensive farming Most of the districts 
m the Western, Central and Eastern portions of the Ganges Plain 
have reached more than 75 per cent of net cultivated to cultivable 
area. Thus more and more the proportion of double-cropped area, 
i.e., the quality of intensive farming governs the increase of the 
density of population. 
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Now that the population is out-reaching the means of 
subsistence m the Upper Ganges Valley is indicated by the fact 
that the density of pouplation district by district increases at a 
greater rate than the proportion of land which is cultivated and the 


proportion of area cropped 

more than once 


Name of District 
(in the Upper Ganges Valley) 

Percentage of increase 
of total cropped area 

1891-1924 

Percentage of i 
of density 

1891 1921 

Saharanpur 

20 

10 

Muzaffarnagar 

5 5 

36 

Meerut 

1 6 

10 1 

Bulandshahr 

4 1 

12 9 


This implies that there is a keener struggle for existence and 
a tendency towards a lower standard of living 

The Dry Steppe 

The effect is, however, most apparent in those parts 
of the valley, where the water supply, which is the life 
of agriculture, is naturally deficient or exposed to violent 
seasonal fluctuations Such effects will also be found to 
operate over more or less contiguous blocks, that is, natural 
entities, where the temperature and water supply bring about 
a similarity of geographical and other physical characteristics 
We find that the South-western portion of the Ganges-Jumna Doab 
which fringes the semi-arid tract bordering the Great Desert has 
shown a decrease of density within the last three decades It is most 
interesting to note that m the dry steppe tract of this province 
where the ‘index of aridity’ is below 22 or 23, the artificial protection 
of agriculture by the upper and more reliable portions of 
the Ganges and Jumna Canals could not keep up the increase of 
population of the earlier period.* 


iv 


f , Annual Precipitation (millimetres) 

Martonne s index of aridity =^7 x fr P ^-7 -3— ^ ■ • , — 

J Mean Annual Temperature in degrees Centigrade +10, 
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Actual decrease in 
mean density 
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Percentage variations of total cropped area and density between the period 1 89 1-192 1 

Total cropped 

area Density 

Meerut II 25 10 12 

Muttra -3 33 -13 24 

Aligarh -I7| 186 

Agra 4 35 -7 95 


Of all areas m the United Provinces the districts of Aligarh, 
Muttra, Agra and Jalaun exhibit the largest fluctuations of cropped 
areas from year to year, such fluctuations being the greatest m 
bad rainfall years It is also noteworthy that the canal-irrigated 
districts follow the ' unprotected districts closely as regards 
the variations of cropped area This indicates that canal irriga- 
tion can assure no better certainty of crops under the conditions of 
a precarious rainfall than is available for the unprotected districts. 
This is mainly due to the increase of total cropped area as a result 
of the pressure of population so that the amount of water which 
may be supplied by the canals is inadequate m years of unfavour- 
able rainfall A large amount of reclaimed land is also unsuitable 
for irrigation In these particular districts the shrinkage of 
cultivated area and decrease of population density seem to go 
together, giving evidence of a losing battle with unfavourable 
hydrographical conditions 

Professor Pearl laid down the demographic law that when 
population density reaches an equilibrium point, the death-rate 
exceeds the birth-rate, and we have a decline of population until 
the equilibrium is restored We have an interesting corroboration 
of Prof Pearl’s principle from some areas of the Ganges Plain. It 
would appear from the movement of birth and death rates of Muttra, 
Agra, Aligarh, Etawah etc that mortality tends to be increasingly 
higher than natality Of course different districts would reach the 
saturation density m different decades due to different conditions 
of agricultural water supply and thus the decrease of population 
density has not been uniform Such decrease of density has been 
seen with or without a shrinkage of the total area cropped in the 
district. * 


* Mukerjee Population Balance and Optimum, Proceedings of ihe International 
Population Congress, Rome, 1932 
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The Eastern Districts of the United Provinces 

The Eastern districts which enjoy a more reliable rainfall than 
those of the South and West multiplied in such large numbers that 
their position has also become equally precarious so far as the 
maintenance of the present standard of living and even of numbers 
is concerned In their cases too density of population primarily 
depends upon the proportion of land which is cropped more than 
once, the percentage of net-cultivated area having reached nearly 
80 per cent of the cultivable area Notwithstanding the excellent 
and timely insurance against the distress of a famine which these 
districts provide by an extended system of well-irrigation and which 
explains much smaller shrinkages of cropped areas m famine years 
than in the South and West, the density of population here also 
shows a tendency to decrease This is shown in the following 
table (Table III) 

The Table shows no doubt a steady tendency towards expan- 
sion of total area cropped, but the expansion of population density 
is disproportionately large in the cases of newer districts 
like Gorakhpur and Basti This will be evident from the follow- 
ing figures — 



1881 

1891 

1901 

1911 

1921 

Gorakhpur 

574 

657 

649 

707 

722 

Basti 

582 

637 

659 

653 

687 

Benares 

885 

914 

875 

890 

899 

Azamgarh 

733 

790 

700 

675 

691 

Jaunpur 

780 

816 

776 

746 

745 


If Benares, Azamgarh and Jaunpur show a decline in their 
density of population from 1891, mspite of a steady extension m 
the total area cropped (including area cropped more than once) and 
an extension of well-irrigation which m years of drought have 
reached the phenomenal figures of 95, 93 and 82 per cent respect- 
ively to estimated irrigable area, does it not support the inference 
that due to the enormous pressure of population on the land man s 
efforts are here showing a diminishing return, and population is 
reaching a set-back? 
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It is only the districts north of the Ghagra which are naturally 
protected by a heovy and reliable rainfall and where irrigation is 
easy on account of the high water level that are still maintaining 
an increase of population During the thirty years, 1891-1921, 
the density of population in Gorakhpur and Basti has increased 
four and two-half times more than the total net-cropped 
area (including area cropped more than once) Obviously the very 
multiplication of population will sooner 01 later bring them into 
a line With the Southern and Eastern districts where the phenome- 
non of decrease of population and a lowering of the standard of 
living would not have been experienced under favourable condi- 
tions of soil and water supply but for redundancy of mouths to 
feed 

It is m this manner that we realise that if we take several 
decades, the effects of variations caused by disease such as plague, 
malaria and influenza might be minimised, and the variations would 
reflect permanent tendencies A tendency towards a shrinkage of 
population has appeared even m the most favoured area of the 
world Towards the South and the West of the Plain this has 
been due predominantly to arid conditions and to famine which 
these imply m years of a deficient or irregular rainfall In the 
middle and eastern portions this shrinkage simply indicates that 
the optimum density of population has been overstepped, thus the 
least variation of the amount and distribution of rainfall which 
would not have had any effect if these portions were less heavily 
populated, now has violent reactions. 

Density in Bihar 

These reactions on man’s numbers and his standard of living 
are visible also m Bihar and these dimmish in their potency as we 
reach Bengal 

In Bihar the symptoms of over-population are also clearly 
visible A succession of good harvests is followed as m the United 
Provinces by an increase m the number of births and gradual fall 
of mortality When the harvests are short and the price of food 
grains rules high, the birth rate rapidly declines and the mortality 
rises This wifi be evident from the accompanying table (Table IV) 
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Throughout a large portion of Bihar the volume of emigration 
also corresponds to the state of the harvests. If the harvests are 
good, the emigration diminishes, if they are bad it is larger and 
lasts longer The close adjustment of human numbers to the food 
supply is clearly shown not only by such phenomena but also by 
the correspondence between rural density and the percentages of 
double-cropped area to total cultivated area, the latter assuming 
a phenomenal figure district by district 
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The above table shows that the density of population depends 
upon the proportion of land which is cultivated and upon the pro- 
portion of double-cropped area, and that the density of population 
increases at a greater rate than these proportions This indicates 
that the law of diminishing returns is operating Indeed the 
slightest disturbance of agriculture brings about conditions 
of famine and scarcity in a large portion of heavily populated North 
Bihar 

The net cultivated areas between 1891-1921 show enormous 
fluctuations m Bihar districts. This indicates a more precarious 
agriculture than that of the eastern districts m the United Provinces, 
for instance, where the climate and rainfall are similar to Bihar 
The difference is due solely to the fact that wells that have proved 
a useful and valuable resource m bad rainfall years in the United 
Provinces do not exist m such large numbers in Bihar It is note- 
worthy that Bhagalpur, which shows most violent oscillations and 
a tendency towards permanent shrinkage of cultivated area is least 
equipped with the well system of irrigation, and yet most 
dependent upon rainfall for her early monsoon crop 

All the more heavily populated districts m Bihar now exhibit 
a tendency towards stationary condition or even decline in the 
density of population the cultivated area shows violent fluctuations 
and the precariousness of agriculture has already left its impress 
upon declining numbers. 

The Moribund and the Active Delta 

As we proceed further and reach Eastern Bengal, such re- 
actions cease The unique advantages of water supply which the 
deltaic peasant enjoys can maintain so far a high standard of 
living inspite of multiplication Yet even m the deltas the concen- 
tration of population along the waterways continues m such pace 
that the optimum will be over-reached in a few decades more. 

In the lower Ganges Valley, the disparity of economic pro- 
gress between the moribund delta of the Ganges and the active 
joint delta of the Ganges and Brahmaputra rivers, where the fertility 
of the soil is replenished yearly by deposits of silt, will be evident 
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Percentage Variation 
of total area cropped 




Percentage of 

(including area cropped 

Dcnsitj 



cultivated area 

more tlipn once) 


District and 
Natural Area 

to net 

Double cultivated 

between i — — *r- - 



crop 1891-1921 1891 J90! 

1911 1921 

193] 


MORIBUND DLLTA 


Burdwan 

54 0 

15 5 

-34 9 

517 

570 

572 

532 

583 

Hooglily 

62 3 

25 

-55 7 

870 

883 

918 

909 

938 

Mursludabad 

44 5 

15 2 

-42 9 

584 

622 

640 

595 

656 

r 

Midnapur 

78 1 

3 1 

- 55 

507 

538 

544 

528 

534 

Nadia 

44 7 

17 1 

-15 7 

586 

594 

580 

535 

531 

Jcssore 

85 4 

43 

-21 8 

646 

620 

601 

593 

576 

ACTIVE DELTA 

Bakarganj 

88 3 

14 7 

+39 5 

616 

656 

695 

752 

834 

Faridpur 

97 9 

14 8 

+ 16 8 

785 

833 

905 

949 

1003 

Dacca 

94 0 

20 0 

+2) 6 

861 

952 

1066 

1148 

1256 

Mymensingli 

86 5 

26 2 

+ 3 1 

556 

627 

724 

776 

823 

Noakhali 

87 0 

31 9 

1-93 

614 

694 

792 

972 

1,124 

Tippera 

93 3 

40 2 

-14 4 

713 

848 

972 

1072 

,197 


Table VI 


even from a casual survey of the figures of density of population 
and net cultivated area As m Bihar and the United Provinces, 
we find a correlation between double-cropping and density 
of population The districts in the moribund deltaic area 
m Bengal show much smaller percentages of both net-cropped and 
twice cropped areas and rural densities than those in the active 
delta. Both agriculture and population in Western Bengal have 
received a set-back due to the cessation of the delta-building 
functions of the Ganges and her tributaries The population of 
Bengal rose by 33 per cent between the years 1872 and 1901, 
between 1911 and 1921 by 2 8 per cent and between 1921 and 
1931 by 7 3 only There have been local instances of crop failure, 
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but nowhere m India has famine played such an insignificant part 
in the variation of population Yet the population hardly main- 
tains its natural rate of increase 

The deltas are so favourably situated that we do not expect 
any deficiency or irregularity of rainfall, which causes famine m 
the central and western portions of the valley But all deltas are 
fluctuating geographical entities In one portion of the delta the 
beds of the rivers are gradually raised by the annual deposit of silt 
and some rivers are silted up The banks of the rivers being raised 
gradually above the surrounding country by the accumulations of 
silt, swampy depressions arise Whole areas become water-logged 
and sometimes thrown out of cultivation The climate becomes 
unhealthy and fever becomes rife The natural coming of age of 
the delta produces serious effects on agriculture and health but 
these have been intensified by the building of roads, railways and 
embankments Thus deterioration has sent in m areas in Nadia, 
Jessore and Murshidabad, and to a less extent in Howrah and 
Hooghly The Bhagirathi and the Damodar embankments are to 
a large extent responsible for the decline of Murshidabad, Nadia 
and Jessore and Howrah and Hooghly respectively Instead of 
the gradual rise of the surrounding region by the natural deposit 
of silt, only the areas bordering the rivers are being raised due to 
successive floods Thus the aman rice cannot grow as the land 
is too high for it, yet the lack of adequate high land leads to the 
digging of tanks when house sites are made On account of the 
outward thurst of the population from the upper and middle 
portions of the Ganges Valley, the delta has become populated 
earlier before its time, and is to a large extent responsible for the 
decline of present rivers, of agriculture and human numbers As 
the population has become thick, the struggle for existence is keen, 
and the slow and gradual loss of resistance which malaria bring 
about leads to increased mortality due to epidemics and a general 
lowering of birth-rate Thus some of the districts in the moribund 
portion of the delta have already begun to show a decrease of 
population and also a relative increase of death-rate over birth- 
rates In Eastern Bengal, many districts have now considerably 
a large margin for an expansion of population The density of 
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rural population can still increase and the soil can bear the 
increase easily. But a stage will sooner or later be reached when 
the capacity of agriculture will be overstepped. 

The following table which compares the distribution of land 
m the natural regions of Bengal clearly shows that population is 
already pressing heavily on the cultivated area m Eastern Bengal 
The percentages of cultivable waste and current fallow in Eastern 
Bengal are extraordinarily small 



Percentage 

Percentage 

Percentage 


cultivable area 

cultivable 

current 


cultivated 

waste 

fallow 

Eastern Bengal 

90 

7 

3 

Northern Bengal 

71 

14 

5 

Western Bengal 

61 

26 

12 

Central Bengal 

58 

18 

24 


Fertility , and Fecundity 


4 This will be more evident if we compare such percentages 

district by district with the proportions of double-cropped area 

Percentage of 

Percentage of 


Percentage of 

net cultivated 

cultivable waste 

Percentage of 

current fallow to 

area to 

to net cropped 

double-cropped to 

net-cropped 

total area 

area 

cultivable area 

area 

Faridpur 85 7 

9 5 

14 8 

40 

Bakarganj 81 1 

11 6 

14 7 

1 6 

Dacca 75 3 

2 7 

20 1 

39 

Mymensmgh 61 5 

11 5 

4 1 

25 

Burdwan 44 6 

24 5 

15 5 

45 0 

Hooghly 66 5 

17 5 

25 

34 9 

Nadia 35 3 

40 4 

17 1 

54 6 

Murshidabad 39 6 

46 0 

15 2 

64 6 


Table VII 


Of the 8 per cent of land, cultivable but not cultivated m 
Dacca, the most congested district m Eastern Bengal, 4 per cent is 
used for growing reeds, bamboos and thatching grass, leaving only 
• 4 per cent of the total cultivable area as fallow and capable of 
cultivation Thus 1 acre m 25 acres of land capable of bearing 
crops is left fallow every year. The actual current fallow m the 
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whole district is only 1 4 sq miles This implies that a period of 
1 56 years is required until every acre has been relieved of its burden 
of bearing its one or two annual crops Considering the extra- 
ordinary small rest given to the land it is surprising to see yet a 
further effect of the pressure on the soil in the fact that no less 
than 35 per cent of the cultivated area is made to bear two or more 
crops a year * 

The agricultural statistics of those districts which show the 
highest population density m Bengal, Bihar and the United Pro- 
vinces respectively may be compared (Table VIII) 

The burden of heavy cropping year m and year out for a 
very thick population can only be borne m Dacca because of the 
annual flush and inundation by the silt-laden rivers Yet m a few 
localities, which' are remote from the active rivers or situated on old 
raised land or water-logged, marks of agricultural deterioration are 
clearly m evidence The population here has already started on 
the path, or is now on the verge, of decline Indeed, the check 
on expansion of population commenced m the area farthest up the 
alluvial bed of the Padma, and the effects are gradually spreading 
fan-hke from this point The river has succeeded in raising these 
areas to such an extent as to destroy the internal water system, to 
stop the natural flushing of the area, to leave it water-logged and 
to create on the fringes of the water-logged area a breeding ground 
for malaria Thus higher mortality from disease like malaria, 
cholera and small-pox m these decadent areas is the surest proof 
of the guilt of river action, of a crime of Nature, which operates 
slowly but inevitably m all deltaic tracts But it is considered pro- 
bable that the next census will show a general decrease in popula- 
tion in the area, though it is unlikely that the affected area will 
spread with any rapidity Inspite of the elaborate rotation of 
crops and the cultivation of a heavy yielding monopoly crop like 
jute which the deltaic conditions have encouraged, the pressure 
of population on the land will similarly be felt elsewhere 
m Eastern Bengal if this phenomenal expansion of population 


* Ascoli Dacca Survey and Settlement Report 
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continues unabated. Thus the contrast that districts m Eastern 
Bengal are still increasing their population while some m Western 
Bengal with a population half as dense have remained stationary 
or decreased will slowly disappear and the higher standard of 
living of the cultivator in Eastern Bengal will be brought into a level 
with that of the ill-fed and under-clothed peasant of Bihar and West 
Bengal districts Famine also will make its appearance, not caused 
by the fluctuations of rainfall but by the fluctuations of the rivers 
as m the alluvial plains of China, and later on, when the nver- 
basins attain a more advanced stage of development It is a para- 
dox that man suffers from scarcity or famine m a fertile valley richly 
endowed by Nature, but the paradox is explained by the fact that 
where man is improvident, even the most bountiful resources 
which are Nature’s gifts fail him To Nature’s gifts of favourable 
rainfall and inexhaustible fertility, man might add his own con- 
tributions, such as artificial irrigation, and intensive farming or 
the cultivation of non-food crops which command a profitable 
market abroad, but if he commits crime against his generation 
neither Nature’s blessings nor his own efforts may be of any avail 
Not until the fundamental laws of population are understood by 
the general masses poverty will continue m the midst of plenty, 
and the struggle for food bring about the same ecologic adjustment 
as is witnessed in a rigorous and hostile environment 
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TOW *ftfk <2tRW fwft l ^k RW ^TCRR RRRR k$r\ ^f7Rl 
ffatre , <$<rt^ “^tfM” ^stmj ^rttw i ^iRtR fafas 
^rlFttr RftRR rUrr-s^ <2|rH rrI tos r?r RfR i 
e-Fsmm rIr bb-Mii ^?ri c^wir RTRwt <snr.R 
^r TO^s 's totr r)rw *ffRRftR 5^<TOi rcrr i t£it csriR ^rr 
R fR r^rcrr mm RtRRRtfe b- r#w ^.r rtri^ir Rrs<f 
<P?RT ^Rf^5 I R^RR ^k RtRt^lRCR k fef*t R^Rl ^VfR <fRt^t 
c5Rt fRfRRt%RR °— 

“TO5 CR RR, *|v5 CRtR ■SIR I 
c^tRtR RRI ^»tf% & fwjR , 

RR<$ ( CRRf% CWtR f^T^ftR WRtR 
C*rt^=T RtRtR^RffR ) ^R RRR7.R 
^jslt ^ Rt c i ^rtfR wwcr i 
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^t<[ 5^x5, *iaalft atatar a^ ^af*r£ aia fa#a a^a i ^atre 
wa aaratalai, *\& aaj^at#t, ataff% aftad ’tw a^ta 
I a^fTFT i£W# ^tFWfmit^FI'Q arfaa TOa I 1%fa 
«R*t 'Q faatft <FTftW ata TaFf^a, ^fatW ^TFnW FRa 
a'F ^[oT 1%T »(1 I fa^ aN*5W ' 5 It'^1aa afaaFfaa ! t%fa 
*tf^§Ff aF ^rtfla 1%aR I <4 fW[ “ata s ad CaiM” 

a chip of the old block 1%fa fasf Wfaaaca* aa'a faaca a* 55 ^ 
ftrCxsR f ^ t *FT'G ^tatlaaca 5 1%a^Ta aara <Ff%\J>*T al | 
cata aa fafa ^tfarea, c^wwaftaiR alFfaa %acaa wat al 
^ aai aal ^arl fa®? #fataa aailt^Ma^ catas i 

aa aw aaa 9 tw <2tTFf^ faa <5tttaa ataaa ^ia faatat® 
aaaa i sstata v fa caata ^ft aa i Ftfa aw w 1%fa 
wfaatft ^ ata i m tea f^fa faw cat%a c^ii ata afaal afafFa 
ftw i ^tata aWata at aaat^ aa c i afata aw ^tata 
wa ataiw aa i aaftaa atata faaa aata f^fetat 

c * fa aaHtaa afaa fata a^a^ca ataa aa i fa^a 'Q ■facua 
atfaartaata a% a^caa aa# grata ata c i i g^Tsnrasa fa^fa 
aati? atwta faa ca, ^fata aati> a^ta faati^ faaaat 5 ® aaa i 
fa^ #taw caa^tca atatefata rtt% catacatca a^ta ^tata 
at a*al tfT aaaia cata a^taal faa al i faa faafa at afaata 
aiaia faaaa ^rtaara fan i at fata ajtaat^ 
^c*ra i>^a cantos afe arrant catw alata * atatax al 
aaal aatat ^ atl^a atai fafare ataa aaaa 
af% aaal taat^at^l i f^fa ata afaal cadtafa^ta 

tajtl^aca w aa , ^ata s< atfaa c«r% atra ^iajaa wa i 
<aaw^ cacttafa^lia Rwtar taaa ^a\ c*afa^^at a^acw fa^ta 
faad <tR(F i 

birb-^ a^tw aa» afaal 'a^aF^a Taat^a atal 

^caa i f%fa -Rfa^ta’z afNi cabala aai aataa faata faa^ 
cataa afaai RtfaatfaPia , ata c t, awtai a^ca faai fafaa 'e * 
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l RSCSf ^fsfFCtR SfRRttRfa C4lR 

41 ^Mf% f^r R1 1 ^rtertoR Rfe f4*rR 
4t%Ps ,^rR> OT I ' «r^1^ 4^4441 RtfforjRTCR <2Tfa§ SR I 
#tRtR f4Rf4 ^RflNCRR f444 fe I *f*rKf4®5tR« 

ffcfR 44FT4RR f*W Rf^tflRR I f%R \»4t4 14 4w 
4^ ^14J44 4E4R , cH<R iW ylfRf ■%, uq^T, T4 ^*fTf4 

Rb5 4T4R I ^ f^tfwtRFR ^Ttfa 5T}^1< ^RtT4 C4 
4tRf4fR4 4141 ^RfPs ^sRI 4f^R44l 44ltq C>TtRt^- 

ftt4 4t4jf444FR rwt R^RtfiR i 4f$?re<rfa 

TfRT 1%fR “India before and after the mu tiny ”4144 ii|<f1l> 
<£34 4141 4444 I ^4t4 4TO 1&ifa*IJtR ^t4 ^tRf44 fs^SR 
4OTR “The Essay bore marks of rare ability.” f^fjf® 4pR s - 
4Jt4 *tf3I4l ^TCeT^T % — “It is a most interesting little volume, 

and we do not profess to wonder in the least that it 
has earned a considerable amount of popularity. It contains 
information in reference to India which will not be found 
elsewhere, and it is deserving of the utmost notice ” — The 
Scotsman, Oct. 28, 1886 

• W4 rRi? 4Rf4 % — ‘‘You write what is true on the 

Indian question and I trust your effort will yield some fruit ’’ 
f^rtre 4iw- 

<R1%4 #144 4l%s4 1 4t44iR4 }wrs> fltRf 

4c=q^R ^hr 44t44t4Jt*i4=' f44R it44 1 F»R iMrv ^7 7$ 

*i%Y > RtRl CWff^R 4R4 *&4 'Q \5t4tt44 4Rjf444Ff4 

Rt*TT 4f44t4 W 4f%44 <2t44f CR4 C I 4R4 I 

RR$«fsfe £t4tf*M fkw.w I 44 ^ 4*RCR fafR *ft44R#4 (PR f> 
c4> f%4 nrtf RtRw 4f44tti4 1 $titR ^rf4fsF4i w 
*Wt*l4 <R4*Tf4 4£44 °= — "Dr. P. C. Ray by his discovery 
of the method of preparation of this compound (Mercurous 
Nitrite) has filled up a blank in our knowledge of the 
Mercury scries,” 
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i£)\5 v <Ttv5 ^KlMT <Tt^ FfR<lt'^ 7 T 5— “Mr. 

Haga and myself prepared mercurous nitrite II years ago 

without knowing its composition a fact which does not 

lessen your own right to claim its discoyery You have 
discovered a very remarkable reaction in the oxidation in 
solution of potassium cyanide by mercuric nitrite becoming 
hyponitrite ” 

elm ^rtefir strife 

^ •— 

‘‘Although Lefort, Gerhardt, Marignac and other chemists 
have been for a long time engaged in the studv of the action 
of nitrite acid on mercury under varying circumstances yet they 
could not discover or prepare mercurous nitrite, the existence 
of which was indicated by the laws of chemical analogy. 
Mercuiy has been known to yield almost all the different 
classes of compounds known to chemists, such as sulphides, 
oxides, sulphates, nitrites etc , but the nitrite sereis of the 
element were found wanting. There is scarcely any information 
worth the name to be found about mercurous nitrite in Fremy’s 
Encyclopedic Chirmque. Even Roscoe and Schorlemmer, m 
their well-known treatise, do not so much as mention this com- 
pound, nor is there any reference to it to be found in the latest 
edition of Watt’s Dictionary of Chemistry It was reserved for 
Dr. P. C. Ray to discover this ‘missing link 1 in the series of 
the compounds of Mercury, which had hither to baffled all the 
efforts of theEuropean chemists either to discover or to prepare.’ 
"srfsprj Chemist and Druggist 

(Berthelot), ^1 

frt i 

^^1^ 

^ 'Q 'srrftfsR'fa shifts i 

' G stcwfpftdj 

I SOFT'S f%I Vz ! 

CSrJtf^^H ‘/On the transformation of the Hypochlorite? into 
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affisp? RjHRto 


Chlorates” HR<t> <2RW fRfRl riRR *ftPR £ fR <2 Rq 

*ir?r ^ ^r i ^f% ^rRi ^ R^R RRmi ^fRtiiR 
cRRWte '« ^dR ^tf%5*rc'5pr 

tRrpr i £wrfRr ^’pRR <ptR xsm srh etRfR whr 

^i> (7=TR ^Rp^T CW 4 ! -Slffo CPf^tl <TR R I ^ ^FR 'S 

R^tw ^RR ^Rt?fN e i rRt^i cri filww i ^t*rt$r 
Irr r?[RR<(? «2tf^®i 3 rr> RR*tetRr R i c^RreRt 

TPT^Ff R*rRR^ ^RRRR W'fjl^W C^f^STPT RRt^R 

f^5§v?>R v Ri I RRR? %rl RlfR I 

"WiRR RR iHR RRRTPPR RPRfF^ RxR l£R, l*R 5jy- 

RffwR CW^ (PfRRjR c£}nQ RRTR^RTRt 'SRl#R v RRR RRRRr 
TOR RRRRI ’RRR <rw I ^RvRCf RRRRr ^PRRR ^J- 
wR (2f^\s rr ^i ^^oRR tRn ^<f1^ &R*i<u"i% ^R?rR i c 5 ^ 
^ fRRfRRi t c f ^R^R rr <sfc rr«iri prr tipr i 

4 R*ira R^R rto ^fjhR c*fc *tRfSva <fsn— 

‘‘Whoever could make two ears of corn, or two blades of 
grass, to grow upon a spot of ground where only one grew be- 
fore, would deserve better of mankind, and do more essential 
service to his country than the whole lace of politicians put 
together ” 

RW R sfRR R*R£ e R *TOtf*teR wire RRpf ^ 

^Sf 'Q <2tRRtfR RR^ 'Q ^si^FPTRT <2ff3Rft 

^RRv[ ^Rps ‘R/IT^ 1 <*ITO RRRfR ^Ff%f%<[ RR RRbs 
?&{\T& <[Rc\s *tR1 rr I 

*nsr <tRr i <2tf% ^<t fro*t ^Rr^ "siw crrti? 

^RR&PT, ( Aniline dyes ), MRl?, ^f#t, ?rRR <£)<R 

RRfR ^RRR^ to ^RRR 3R i ^ e\ws 

'ik.C'v RR I 4^R1 R (Pf<PT ^tWR SffWR C^TlX<P<T RCTH 

»rtw, RR trt, ^R^t^rR ^r«rpf’i*r« etf* ^rt^R t&gs 
^RTl TRRRr ^stRR ^km'Q FfR I 

^R Tlftfer^ <2[«rR TR*! R^Rf^PF ^J <2l^m c l fWR 
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i ^rfttfasr Rn *r ^ ^rtr rI^r'RR 
cwft^k Rt^R^FfRR <2$^t% *Rforf^ 

(synthetical) (2RJR ^fRl Rt^jk'Hl RlW SRRtcft Wtf% ^<Tl 
^*rfR i Rt^tFR ^irRRt rM^r TftRfatR ^fcwfl >6 

Rfftf^Rl bPrcvsci i rTr rrk ^ <^1rr 1 ^ f^R 

^tIrK TRTls^f^ft^ i Irr rr rrr c*rM*ta ^rr 

vsRt^ R^RfR 1 RR RRfwin^R ^rrlRRrff h^tfRR f«w RRrR 
FtRfR mr RtRTTRR r^rI rwf^rere i 4 fRR ■srRtorc rrR 
?RfR% Rf*f WMt^t ‘RTRR'R R5 R^XRR, WfRl R^7R ^ItRfRR T4I 

ism ^5 ri i wr^it^t ^tfbrc^R ^i%d RtRt ri wrr srtRt^t ^rr 
^rH's ^i1r1r<hr rwrt fRMR f^n RfRRi ^tt^n ?^xf 
RisnfRR RrrRR esjQ R*Rt r.^T, <4 <r ^rNPt ^RtR <4RRtfR bsifftR 
Rt^tw fmW&;h i ^rfirfw ^f% RtR fRi wtRt^tFR \f% *npw 
fRf I rr i ^^rRRr wtf^RRtrw ffr r^rI RlRRTft i 

RRRR% Ri RRR, CWRR RfflR'ftR V RR f*Nj fWRl RCR R 

rIrri 1wtRf*tRt< rrrrrr Rt*Ft^i cw * r ^rtfee ri , RtRRHi 
tpFTt R-MRtRR RRRfR RRffR rIrs ri i 

fTtr r«rr #r ^rtMr r|r “rrr ettftfR^TR” rIr ^rrtIr 
^rr <mfRfwt fRW Rfkii ^r?r i ^k w RtRkR 

^sfrt 'Q -si^r RfRre RsRtR I (2ftf«rf^f ji fRR RWtRtR ^Rit 
4RRt^ cR^tfRR <s^ i R°kRR fRR ^_r f^rtfwkR ri 

RtRfR c l *r$RRRtCR 4R*t ^RR RRTFR RTRR RR Rll I 

•RtrtR RRtRt rMrIrr rIt^ri j . ^<r# rtr r r *|RtRR 

* M Barthelot, Perpetual Secretary of the Academy of Sciences 
Paris I ( synthetical chemistry ) |^1 RCW 

I Journal des Savants iflR d'R 

^ ^tcR ^ fera«r ^Wlf ^1 f^t£R ^sT^R 

R^t? fil 1 !^ ,— “However it is necessary to examine cer- 

tain documents indicated to me by a lecent letter of Ray, Professor 
Presidency College Calcutta. According to the Savant (D’ apres ce 
Savant ), there exist treatises on alchemy in Sanskrit, *■ #, The subject 
is worthy of the most profound attention of those who are interested 
jn the history of chemistry.” fhlR Savant R ^ 1 
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^rnrf^r ssi&itf? tto 

vrw w$\ fwwM Tf*rett^ i ei^gRt^ m$ »i w£ <$lwt 

-4-r^t^ i fe^t ^® ^ ; m^i -siffeTi 

•sit^tTI Wt M3 *ttfro «2t^tt»T« l <# ^ s fwft rTt^t ‘Materials 
for a neglected chapter in the History of Chemistry’ | 

(2f«m TO ffef^tfaWF (71 71 C?TO WK 

ef^» -zTO, i 

fwfa TO ^F®ta ^lf% e ^TtTTtiF® 

I ^ ^;fw1 ^7® "slf^Rl ®?tfe® *tTt%Tt1% 7T, TT’fJS^- 

^ ■siltrorc, to*£- 

#¥toR wi 5 4^ wnwjK>*r ^ ^Raf<n® 

^ <F7r^r s ttf»f «w TOfaftT 3prr <3^® # 1 ^ 

effort ^R® 1 <srof% 3 ^ 7 ® c*rW ffettro w f%?[ 

f%sT ?ITO i 4^JTC*(T '<>i^WJ«)it froft tef^TTt’tJ I Tfa c l 

^3t7® *lft^tfe^® &w ^t^^ff^Rl *rn®h® 

«etf3F^ ^*t7rt^ wi ^ ^toi -Bwjtnsr 

^tTR I *flfel TOt'rW^ Wtl ^ 71 

TOt^^tTT sfRRsft R^ffe ^7® I ‘2fgw^ 

CW*tftslT5* 71 ^5tTOtft«t«l TtftWtTT 
mU 5Tt^» I 

^«rrt^ TtTR c^ ^ 's w ^ 1 <2tft j^r, 1%ft 

C^fC^t ^f*t7»C^T I ^®Rfa t2ffa ^ ^7# 

C^tTf <f>fe *Tfa I Ifl^« ^ 7tN 3^7® Rfj% «tt^T *rfe I 

^faW ^tfPTOTf ^' S R f% TOtTtTTS ^dft ^1^1 ¥- 
^®IN TfTO ^Ittl I W ?P^ ctfeH fteRtffo -?TC«fT 
«rtf^Q 71 f%R astWtC^Bf ■JSftRfaRl ^7® WTO. ^tl- 

f^Tr^T, to! ^ 1 

( 4Hfl7?T ^!l°ll^7s Hofei ^Tn %Wt7T ^fel 
^ 7 ® s&fei ) ^7t^ 1 ^ifit^rt^ w 

> f% ^ ^%l Tt? f^rl »fel sfel f%t^ dw||^ 
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RCRRRtR Rt*R RtRR I i*psfC«| RRRRtR ^ 

<£f i rr rrrr f%fR yw ri^hr rrwr ^m 

*tr wfa rrr ^i<r ri cw ^ Rtfer R^fRre rir<§- 
r^r^^r i ^tetR TtrsR fRRR i rts <f^^ 

1>fcR T^e f%ft ^ ^ Rls? rtrr i fj>R tr^ 

1%fa ^rftRR RtRi^l f^t^n TtRlR RRRRI RRR ^e| 

RTRR I f%fR R^RttFR, SR ^ RRJRR R^tRf 4Rll> 

Rf^s CR 9RW" fwRK^R, 1%fR R'SfRfe R^vst'RTtR 

RT* CFSl WR I 

“Now in half an hour I fancy you can read fifteen or 
twenty pages of Burke ; or you can read one of Wordsworth’s 
masterpieces — say the lines on Tmtein , or say, one third 
* * of a book of the Iliad oi the /Eneid * *. But try for your- 
selves what you can read in half an hour Then multiply the 
half hour by 365, and consider what treasures you might have 
laid by at the end of the year, and what happiness, fortitude, 
and wisdom they would have given you for a life time. ” ■* 

r-ri “^RTtttRRTRRR W 1 ” rriMr, 

frz rtrprr c^r Rf<Rt> x r ^itfRRlfiR <®1^1 r f^i^rtTl^ 

R^Rl RtR vrt^ I »4*RS ■STRTTR^ ^RR £f<TR RlRJ I fRf 
f*rR ^CRR <ilRRtfR *iOi RRt^lR^ f%fR ^itRlR f^f^Rtfe^R— 

I was never a more bonafide student than to-daj. RlRjfRR' 

^rfrfaT f*tTffeR crrr afw*rjR rtr 5 ^ %t, #1rr 

^f?TR ^Rlfr ^rg^T I ^Ir v£)RRG I ^R 

RtR^RSR, *tfR^R (/RRRt^ Rl^ I ^fR FpR- 

FRR G RRTRf^tR ^RiR RtRtfRCR G ^Tj^RiftR <TR, “fR*Tl^ CRR^” 
Rfi=fRl C< T& RTR^G RfR^ RtlR Rl I ^ RR<R fRRW fc>fR 

CR^Rr Rt^rt^fl , fr^S R^»ftR, RfRftZFR ^ffwRtR G WfR’^'SlR 
fRRTt’lfRfcRR^ <4R’ RRRR RVRRRRtRT I CR*ff^©RR RtRtfRR 


# 
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TO# #R c<rt^t wtro i wRw ^toR cto TO kfk i to- 
%W^ 3t?TO IjRrZR TO^T^TO I R^fR; =97TO TOTOT RliR 
^RtTOTO — “ those who gave nothing before death ncvet, m fact, 
gave at all”, TOR TOTO1 RpTOTO ftrj*. TFT TO TO TO77TO 
TTO Wf# ^ l <2f<jW:£ <# TOTTO - TpfJ TO wRTOTO 'TORTO 
TORc^ Cl>ll TOTO I TO Rtf^TO ^RrTO fajfPii TR r sTO TO -&W- 
RttoRTO Rto^TO 1 TOTO ^TOW I sRR WfTl TOTOTOTO l 
WTOfTO TOTOTOTfroj, *Rto s TOTOto ''ii Ti, 

R!?TO fe?R I 4TO TOR ctoRto -rmR. toftotto, TOtoto 
'G St# ^RrTO TOJTO WrTO TOTOTOW I #Rt GTO/TfTOk c TO 

r?kj TOR ctow y9\5 toweto^ <sitowto wrTOt, foror toto 

‘‘We Two” ^<R “Donovan”-^ | tRtoTO 7 ! TOT "TO. tTOTOTO 

S 

CTjRto ( In Menioriam, Enoch Arden Guinevere ), 

TOff^CWl (Endeavouis aftei the Christian Life d|<K Hours of 
Thought), TOrRcR 7 ! ^ 7 i \4 t \ RTOTTOT5R I 

TOTO wRfT TOTOt^ 5 # <2fTO TOfTOtTO wfTO 2TO I ^*TOl 
(TO «TFTO <2TT£TOI TO TO, RCS TOTO^TO TOTOTF# TO? #1 TOR 
Rc*htot ^ ^wwRr tRtotow i ^tto ^ torti 
TOTO <R, f2R STO<fETO TOTOtG I R"3 TOR \iTTO<T fR*J 
TOTO^Rt #^<f *R5 ^TO TO TOTO I TOR TORET TOTTOTO 
TTO WTO ^*TTO#R TOTO TOTOffa wfe TOR EfTO TO# 
WR&RTO TOR TOTO I vTORlfrot, RRRRn^E;, TOTO'TO 
WTO RRjRTO TORtoICTO RtoTO <2TTO 

TOR wR tRTOTO I E^2TO, RTO^ <2^TO <2fTOETO CTOs 
TOR wR tR^tEto i <rlTOri TO Retotr wfe to wRto 
wR, TO1 to , TOW ERN RrRR WTOTW eR i TOR 
TOTO TO, WRfTOT <3TOEtoR WRfTOtRI RTOTOi TORCs TOTOI 
TO TOtrol TOR, ^f%RTO^TO R^TO 'S T^^tTTS 7 ! f%R t5 

^tWTfTO^T I R^5 fRR Count Robei t of Pai is '■s 

Castle Dangeious TO^TR C<TTO TOR ^TTOR WTO# ^tRw, 
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M2 ^Sff^v^ <7T*Tfa ?f^SRt^<ie C^lft ^9?!^ 

-vsr?fTt^f '8 STtifo ^1 srfTRTT | M2 

<f<rr^t ^1 ^tf^TT ^pit?R f^53|7R ftftl -STfr 
^n I TWi^; ^ s (Wuii/) 2 ? r?=R — La Chimie est Une 

Science franc, use— ^Rf^t Iwft I <2^<5tf ^ITR — 

^FTfaf^ SffrTR C^jf5rfal s Sq’frft <5f7 rRJ | 


1 1 



5|v5 W ?ir<i TOnFTOl TO 

TOf^r (2ff%it TO*fa eftgfa <sm &*ltfat« TO, ^ET C<Ffa ^1<T|<I TO fa 
faro f*r*5fi crol to, vsi fsrc^r ^1 fa^fas to i 

iSft TfpFf <2(TO TOR <R, TOtfa IfaTO '»Rl TO TO 

fare to i 

TO ifaffa tor ^refat tor ^rTO toRwto f*fai 
cwtt *h5«folC%? TOgRI I 

<2fTO TO TOtlR Orientalist <PTO, TO fafal Anglicist I 

TO TO frorc faffa tor i TOTOs 

TO CS§1 'G TO TO Hindu College <2lfTO^ sR, CR Hindu 
College^ Rfatfa^ '6 ‘dfafe RRTO TOto TTOFI^I 
TOfarjTO I 

<£& ^ 9 tTOfJ TOlRfaR <rl<t Loid AmheistC<f <re TO CTOR. rtr 

<s& TO fail TO 'S TO fafa I 

‘‘When this seminal y of education Mas ptoposed, we undei- 
stood the Government of England had oideied a considerable 
sum of money to be annually devoted to the instructions of 
its Indian subjects. We were filled with sanguine hopes 
that this sum would be laid out m emplo) ing Europeans of 
talent and education to instiuct the natives of India in Mathe- 
matics, Natural Philosophy, Chemistiy, Anatomy and other 
useful sciences, which the natives of Euiope have carried to a 
degree of peifection that has laisecl them above the inhabitants 
of other parts of the world ” 

TO ctot <2rtre ^fa tor R tor RTOrftTO 
fassir^re totiTOt TOw<^ r?r1 rto Tor fa. cfe tor 
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TOt=?t f%^tc=T<f ■srt^t^u 5f<rl 

, <£R\ ^RtRR fwl rrr cTO> ^tRg to?^ 
TOR TO W3f rITOR® ^Rfero i Rtoto TOt* r r ^TOftTO 
^ifTOt^TO ^RfR TO tot ^rft%<r tori -g *rf%wrt^f 
TOR, 4 TO TO <TO ^fTO TO ft I TOTO^TO ft TOr 
R ftTOft 'Q ^sRs TO TO TOTO fth RtRRRt^T TOR R<fR 
TO 'Q TOR CTO 6 !! I 

( ^ ) 

TOlTOR TO*R RTO rIR TOT RT^W srftft® sR | 
ft§ 4 TORR useful science fTOI CRTO RlRQ fe ft 

r|, RtR wtftR i t5 rsto* %r ri i TO*i rctoTO TO rrtr? 
ftfTO R *R CRlRR RtTO TO RRf%, TOR R NewtomiR 
^ttTO Shakespeare^ TO TO I RfTO fTO, R TOr TOR R? I 
TO l TOt#f frotftro, fro TO ^t^rtR ’srfw^ ftTO tor ft i 
TORI RtvStTOl R*fft TO fTOft fTOl TO R^’ ^1 ^Itft 
wtftR i to TOR TO to toR c^f% TOTO RTOttItor 

f*|vfl 1^-TOR fTOs 5 I Science couise'S Arts course^ ftTO 
^IRRRl=T 3JF5 etS'fTO I Mathematics, Phjsics v£t<K Chemis- 
try ftTO RftrTOl fttftrjTO ^TO lift toto i 

ft^ TO Wf ^RTO RpR TORt CRTO cTOftR ^r«s^«l TOR ft I 
TO 5 ! r ft to r frotR TOti tos&i to Rtft, c^ fw^ 
RfRt ftTOTOl TO^R | R?fft ^TOftfft R^lftTO 

Sf^sTO RRRf R *FRT TO RtftTO TOftRR, C?k TOR TOR 
TR5f^ ftRfR RfTOl Rft RR eqRft I <i^^j R 

^WflRs ^ f^T, R RRtTO 9 Rf%R Physics 'G 

Chemistry^ <^; RRRf^ TO v ttR, TO^'s? ^ 

RWtR fe ^1 I 

TO 9 lRi ^’^*11^ TOl RTOi^f iTO^t 

TOITO I TOPI "^TO R f% <IR fTOTO R^R3f c*k ^ ^TO 
^iTOt^ ^1 W\ 'Q TOwtIR ^tC»H RR^i 9 t f% 
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«n<t cto 


ir r 1 i rRrRr rR crr%rr c^k <? fe PfRl rR rrr 
’^stHrr , RRr*tl%’ <2 Rr 'G ^^(uvsi ^R\ rR ^Rtw <rt'Si^fi'5rr{% 
r§r1r , Rr 'RfRRlRk | 't < i ^rr ^RR 'S <rc*if 3RR ! 

hre stf ^ FF ssRrr fRFRRR <*k cr, rRcr f^R csfcR ^ 'siftRq 
rTrI Rtfei fte rrr ^r° 4 ^3R?:r rRi wfkR fare rRr 
rR ^ rr^ rrR *tf%RtRt ^rq Rre i 

( ) 

Rtfa rRr ^t*r csRfa fafare rrrr etfR^r rR, rtr ‘^RfaR 
rcrr ^ ^rrR ’©fa cr Rt^l RRreRR RfreR rrRrr ^f^irere i 
^’sfr RRtfa ^rjNr fasRiRR sr? RtfqRR r^r^r— -^r^ 

PhysicsiSR rR ^R5rR Chemistry R I tiIRSRRR RR -IjfsRfHinj? R^ 
rR WtW rR T ^ff a&R rR i r% RtR fasRRR CRfaRR rR 
RRfR Rl, RRffa <4 RxRtR RRR Rifq RR ^sRR iR I rRr 
reffa rir rr cr, RhsfaftertfaR rrr » %Rrr isrHj ^rr r^iRr 
RR } <£R{ R#RtRT Rfv&tRlRfa R[R\sj S7‘R5 CR Rl%C5R 

r1%r farere, ^1%re rRI fwftRR crtrg rrR ^Rcsr ^Rfr 
CRR <4R°n RRRR R^RuRI CRRRRftR R*R fitRTlR Rfare RRR Rl I 
4 RRR (R RtfR^, CR iRRIR Rt^RR falR ^R RRRRR W1R (R? I 

<4 IrrtR £{rR ^ ^k cr, Irmr <2treR<2|RtR *rt$ i farR ^ 
^fRlR Rfa RRR RTR RtfaCR fare Rl RtRR, RR RlRRR fRR 
RRRRRfRf TR^tlRR 4 RRtRtRR £ff% 9 tf% RRCRfa R^ Rl I 

RtRRJ (2R^R^ RR ^tR Chemislrj R ^Rr^ RRfRR RtR RtRtre 
RR faflFfR f*tfRRRR I Science R RRRR RRf useful, Z\ RjR 
RRRR RR RR — R RRT f%fR RtTRRRR 0Rt c l RRRR I TRMTRR 

CRUR 1%fR R^ ^RR 'G ^sR R^ffR ^ RRRR 1 RRq 

^®R RRfR R^R R f%tR RRR RRR RRRR CR RRR CRlR 

RRtR: CR^ I RR^i Rt'SRRftfRR RtR RtR^J ^R^" 

RRft? 5 ^ %RCR R fS'R’RRRtR ^CR RtRCRR ^1 fRRR'S CRR 
RRf^ CR^ I 

c^Hfi 



A New Proof of Fermat’s Theorem 

Bi Sarasi Lai Sarkar (Calcutta) 


I have carried on some investigations into the properties of 
numbers by starting from the properties of recurring decimals, 
which have been investigated by me, to find out some 
general truths I have been able to prove that m 
the case of the fraction 1/p, where p is a prime number, if the 
fraction be reduced to any scale of notation S, where S represents 
any integral number, the recurring period, firstly, will be a pure 
recurring decimal and not a mixed recurring decimal, and secondly, 
if this recurring period consists of k number of digits, k will be 
a factor of (p— 1). 

I have to omit here the proofs of all these, which are rather 
long It can be shown that some of the well-known theorems m the 
theory of numbers, e g Fermat’s theorem, Extension of Fermat’s 
theorem, Wilson theorem, can be proved with the help of the 
above theorem 

As an example it is being shown here how Fermat’s theorem 

can be easily proved with the help of the above theorem 

If 1 /p be converted into recurring decimal m the scale of 

notation S, we may suppose that the recurring period is of the form 

^1 ^2 ^3 1 ••• * • 

i e , consisting of k number of terms 

It has been proved before that k must be a multiple of (p — 1 ) 
Suppose (p— 1), when divided by k, is n 
Let the recurring period of decimal be taken for n times, then 
the number of digits m the recurring period will be (p — 1 ) 

Let this be converted into a vulgar fraction following the usual 
method, 




It is a matter of intense pleasure to all Indians that their 
revered Acharyya S'r Prafulla Chandra Ray has, by the grace of 
God, been gifted with long life and has just completed his 
seventieth year Ever since (thirty years ago) I have had the good 
fortune oi being his pupil, I have felt the greatest admiration and 
reverence for Acharyya Ray He has always been an embodi- 
ment of simplicity and a friend of the poor students When 1 
was at college we used to feel the greatest affection for him, not 
only because of his sound learning, original research work, his 
lucid and humorous way of teaching, and his love for work and 
students but also for his tattered clothes and charity to the poor 
He felt so strongly for those who were not blest with riches that 
whenever he got lvs salary, he kept only Rs 100 per month for 
his bare maintenance and distributed the rest among those who 
were m need. 

Such an ideal soul could not rest content with Professorial 
work, how noble soever it may be He burnt with zeal to find 
out how he could relieve the distress of the masses And when 
Mahatma Gandhi came forward with his programme of Khadi, it 
could not take Acharyya Ray long, with his clear vision 
and sympathetic heart, to find out that m cottage and small in- 
dustries — of which Khadi is a symbol and an important example 
lay the salvation of the masses and the unemployed middle classes 
He threw himself with all his weight — for in his frail body lies a 
mighty soul — into the Khadi movement, and laid the foundation 
in Bengal, well and truly, of the desire and action of the uplift of 
the massess 

There is hardly any occasion of distress — be it famine or flood 
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or earthquake — when Acharyya Ray does not sacrifice himself to 
administer relief. 

He is the beacon light to whom the young, the enthusiastic, 
the patriotic look to keep themselves along the correct path He 
is the servant of the poor He is the prophet of the down-trodden 
Through him God manifests Himself m a hundred ways Glory 
unto God who in His infinite mercy has created such a noble soul 
to be the ideal of mankind ! 


D. P. Khattan 



The Singbhum China Clay Industry 

B\ L Gupta (Smgbhuin) 

(Plate XVII) 

In India the importance of a thriving China Clay Industry is 
not generally understood by people engaged in different trades or 
the laymen It requires pointing out that on the successful 
development of this industry depends the manufacture of high 
class potteries and porcelain, paper and cotton textile goods Not 
many years ago the entire need of this country m these regards was 
met by the imported commodity It is only for the last 10-15 >ears 
that Indian China clay has come to play its role The magnitude 
of this industry can be gauged by the fact that England 
and Northern Ireland manufacture on an average 8,00,000 tons of 
China clay annually valued £18,00,000 and the major portion of 
this immense production is carried out in Cornwall and shipped 
out to distant ports of the woild To-day about 22,000 tons of 
English China clay enter into India, mainly through the port of 
Bombay 

An attempt is made in this article to give a general outline of 
the China clay industry m Singbhum, which, m the opmon of 
the writer, can be developed to a flourishing condition better than 
any other known area in India, and incidentally to draw the 
attention of all the consumers of clay that it will benefit them and 
the country as a whole to take to Indian clay A paper published 
by Mr. Kerndge m T M G Ins of India, vol. XXIV, part 3, 
1930 should be read by those who are interested m the subject 

The Geological Department of the Government of India so far, 
it appears, have neither carried out any systematic prospecting 
work regarding the existence of China clay deposits m the country 

72 
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nor have they made a possible estimate of the total quantity avail- 
able from the existing well-known fields China clay is known to 
occur m several parts of India and some of the deposits in 
Delhi, Bhagalpore, Jubbulpore and Smgbhum arc actually being 
worked on a commercial scale for the last few years At present 
bulk of the productions comes from Delhi and Smgbhum Yields 
from Bhagalpore and Jubbulpoie areas have declined. The quality 
of the clay produced m these areas differs and the Smgbhum 
clay is found to be the best as regards whiteness, plasticity and 
suspensibihty. From the amount of prospecting work conducted 
by the Kasimbazar China clay Mines and other parts in Smgbhum 
it is conclusively proved that the area holds clay in abundance It 
is m a position to supply much of the requirements of India for a 
considerable length of time Developments can only be expected 
if scientific mining and refining operations are adopted 

The following import figures and the Indian productions will 
be found useful 


IMPORT TIGURCS 
Quantitj 



Tons Tons 

Tons 

Tons 

Tons 

Tons 


'924-25 1925-26 

1926 27 

1927-28 

1928 29 

1929-1930 

Bengal 

3,263 4,951 

4,398 

3.546 

3,374 

2,864 

Bombay 

18,810 16 650 

21,957 

22 984 

11,466 

21,840 

Sind 


4 





Madras 

397 46! 

374 

147 

97 

224 

Burm* 


2 10 

22 

9 


22 

Total 

22,47? 22,076 

26,73! 

26,688 

14,937 

24,950 



Value 

of Imports 





192^-25 

1925 26 

1926 27 

1927-28 

1928 29 

1929-30 


Rupees 

Rupees 

Rupees 

Rupees 

Rupees 

Rupees 

Bengal 

2,54,238 

2,93,672 

2,91,891 

2,39.442 

2,19,493 

1,94.913 

Bombay 

16,01,124 

13,04,429 16,77,213 

15,97,362 

7,36,730 

12,93,894 

Sind 


375 


59 



Madras 

38,233 

41,022 

32,359 

13,331 

11,203 

22,156 

Burma 

127 

693 

180 

784 


4,368 

Total 

18,93,772 

16,40,171 20,01,643 

18,50,978 

9,67,426 

15,15,346 

Average 

.value 






per ton 

Rs 

84/- Rs 74/ 

- Rs 75/- Rs 68/- 

■ Rs 64/ 

- Rs 60/. 

The average import per year is 22,309 tons 
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INDIAN PRODUCTIONS 



•> 

- 

Quantity 

- 

- 

- - 

1926 

" 1927 

1928 

1929- 

~ 1930 

~ 

Tons 

Tons 

Tons 

Tons 

Tons 

Bhagalpur 

3,870 

4,490 ' 

l 7,186 

4,082 

434 

Singbhum 

3,351 

5,948 J 

f 

5,336 

9,212 

Jubbulpore 

4,914 

8,906 




Delhi 

3,791 

4,300 

- 

2,310 

3,864 

Ajmir-Merwara 





2 

Total — 

15,926 

23,644 

7,186 

11,728 

13,512 


The average production per year is 14,399 tons 

The History of the Singbhum Clay Mines — Singbhum was 
onginally m the Province of Bengal but with the introduction of 
the Reform Scheme it was transferred from that province and 
given over to Bihar and Orissa It is a Government Khas Mahal 
and is under the management of the so-called Kolhan Estate All 
mines Within this district are therefore lease-hold properties The 
clay mines were opened after the Great War, and like the coal 
mines m India the pioneering work goes to the credit of Bengali 
enterprise At present of the three mines m operation two aie 
m the hands of Bengali proprietors and the third belongs to a 
Marwan gentleman Several attempts have been made now and 
then to open up more quarries but these have resulted m failure 
due chiefly to lack of proper working and to the poor quality of 
lefined clay produced, which could not secure any market The 
mines are 'in the infant stage and cannot be compared with the 
highly developed conditions under which English and American 
clay mines are worked People of this country imagine that the pro- 
duction of gopd China clay Is quite an easy job That it is not 
so is apparent only to those, who have just visited the mines in the 
foreign countries and studied the article carefully 

'The Kasimbazar, Mines have made some attempt to work the 
mines on modern principle but it is to be acknowledged that their 
expectations have not been fulfilled In the beginning these 
mines were managed by several Europeans, who came one after 
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another to try new schemes No expert, who had previously been 
m this indstry m his own country, was engaged and so trial 
experiments were conducted which did not stand the test of time 
It is difficult to understand why the person originally responsible 
for these mines did not think out a proper lay-out of the refining 
system and the equipments conducive to successful production 
The result was that the late lamented Maharaja Mamndra Chandra 
Nandy, who followed the advice of his so-called experts and put 
m quite a good amount of capital in this industry, did not live to 
see the concern on a profit-earning basis He had continually lost 
for 6 yeais, while others in the business were making decent pro- 
fits The writer took up the management of the Kasimbazar 
Mines early in 1930 It is to the good fortune of the present 
Maharaja of Kasimbazar, Srish Chandra Nandy, that the mines 
are now working on a profit The concern requires more capital 
for the purpose of setting up modern machineries so as to 
be equipped for greater and better production There is much to 
be done yet m the matter of refining, as the qualities of clay 
demanded by potteries, paper and cotton mills are all different and 
arrangements for producing different grades of refined clay are 
lacking *A 'move in the right direction is expected from the 
owner 

The Nature and the Wor\mg of the Mines — Unlike the system 
of working adopted in Delhi and Bhagalpore (Pathunaghatta) 
where the mining is conducted on the tunnel system or the work- 
ing of the water pressure washing system as is done m Corn- 
wall, the Singbhum mines are worked on the principle of open 
quarrying by hand labour It is observed that all the best depos ts 
are either under the good cultivation lands or near river beds 
They really run within valleys The nature of deposits varies 
They exist m pockets as well as m long running beds, some of 
which are of large dimensions Clay sticks between 6'-&' from 
the overlaying ground and at times at a still lower depth The 
quarries are worked m stages or stairways to prevent sidefall The 
Kasimbazar Mines have worked some of their deposits to a depth 
of 60'~7Q' and in length and breadth 600 by 400 feet. Greater 
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depths have not been reached due to heavy percolation of water 
which makes it impossible for hand labour to work m the absence 
of a better arrangement for coping with heavy water percolation 
The only equipment at present m use is the pumping by centri- 
fugal pumps by low power oil engines It will certainly pay to 
put m high power pumps and work up to greater depths, as better 
quality of clay is expected m lowei strata 

The nature of soils under which good deposits are observed 
will make an interesting study for a geologist. Miners and super- 
visors who are at work for some years can guess by experience 
and point out places where good beds of clay are expected. It is 
a curious fact that these surmises are found correct m most cases 
It is said that the origin of clay is felspathic and other aluminous 
minerals which have undergone chemical reactions from within, or 
it has been formed by the mechanical disintegration of rocks of 
argillacious character Time has played a great role m this forma- 
tion and water and carbonic acid have wrought the change 
Decomposition has set in, salts of soluble character aie washed 
away, while an insoluble silicate of alumina is left behind m a 
hydrated condition in a state of mechanical association with free 
silica and other substances The earth is m a biotic state and this 
process is carried on from age to age 

When the quarries are opened up, one beholds a most 
Wonderful work of Nature Here beneath a bed of red moirum 
and ordinary soil you notice a layer of pure white clay There undei 
a layer of pure white sand you have beds of good China clay and 
further on, perhaps below stretches of hydrated brick-red iron and 
manganese stained soil, you come across the purest variety of 
kaolin of dazzling whiteness t 

Very little of undecomposed felspar and mica are noticed m 
Singbhum kaolin showing that the decomposition in these areas 
has been fairly complete Copper-bearing rocks are of common 
occurrence in Singbhum clay quarries 

Only manuaL labour is engaged m the mining operations and 
the implements required are ordinary kodalies, picks and cane 
buskets The working season m the year is about 1 0 months 
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from the middle of September to the end of June or until monsoon 
breaks m Both male and female coolies arc cmpolycd and at 
the Kasimbazar Mines local and imported labour from other 
districts are recruited, During normal woiking period a strength 

r 

_ ) i 




Fig 1 — Side View oj the Quarry — Picture on the top show n quarry lust being 

opened up, wh le those at the bottom nppnrcntlj point out an advanced 
working stage, 
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of about 600 coolies is maintained The earth cutting and removal 
of clay are done mostly by contract system and the rates m force 
differ according to the depth worked at and the distance of over- 
burden to be dumped out The clay is carried outside the quarry 
and stacked in heaps where sorting and picking follow Finally 
the clay is removed m tubs running on tracks and driven by hand 
or hauled up by a steam haulage engine in batches inside the refin- 
ing plants and unloaded m sheds or sidings according to the con- 
venience of subsequent treatment 

The usual earning of a male cooly is about Rs 2-8 
and that of a female is Re 1-12 per week The average cost 
per ton of crude clay delivered inside the factory with overhead 
charges is about Rs 5 per ton 

Natuie and proximate analysis of Guide Clay — The nature 
and proximate analysis of crude clay varies from place to place 
The most important consideration from the point of view of refin- 
ing is the whiteness of crude clay and the presence of gritty matters 
or free sand The shade of the clay ranges from a brilliant white 
to a creamy colour Some clay is also tinged faint greenish and 
yellowish This tinged clay is the most difficult to deal with It 
is presumably due to organic colouring matters and minute traces 
of copper and iron, which persist throughout the refining opera- 
tion This colour is somewhat discharged when exposed to the 
sun due apparently to the partial decomposition of the organic 
matter and the anhydrous state of the iron and copper salts The 
colour of this sort of clay reappears to some extent when the refined 
clay is wetted 


Clay , 

Gritty matter 
Moisture 


Proximate analysis of Crude Clay 


Good Grade 


Ordinary Grade 


60 % 

20% 

20% 


40 % 

45 % 

15 % 


The above are only averages, and better and lower grades of 
clay are also noticed 
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The Refining — The refining of clay consists of three opera- 
tions. In the first place the clay is taken by tubs and dumped over 
into washers, where clear water is pumped up The Kasimbazar 
Mines possess both mechanical and so-called hand washers The 
hand washers are huge masonry circular tanks where the process 
of stirring up the clay in water is done by means of hand labour. 
Six to eight men do this work by blades and furrows attached to 
long handles When the required thickness or strength of clay 
and water is reached, the clay water or solution is drained off by 


I 

i 


I 

I 



Fig 2 — Shows the hand washers 


means of pipes on the floatation principle and the sand is allowed 
to settle at the bottom of the tank The flow of the clay is made 
to traverse several channels and smaller tanks or sand catchers in 
order to retain more of the free fine sand that has escaped from the 
washer and finally dropped into settling tanks The settling tanks 
hold several tons of clay The sand which settles down m the 
Washer requires cleaning once a week, the channels and sand 
catchers are attended to every day The mechanical washer has a 
great advantage over the hand washers This washing system 
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comprises a conical shaped mild steel tank equipped With a driv- 
ing system for stirring up the clay and water (sketch attached for 
ready reference) Water is 'led by means of a forced pump from a 
side pipe at the bottom above the grit discharge valve and the clay 
is thrown m from the top Thus the amounts of both clay and 
water are easily regulated The blades attached to the driving 
system mix up the contents by constant agitation The clay water 
overflows into a side tank or clay sump from where the clay is 
pumped up to the sand separators by a centrifugal pump 

Two separators are joined to the washer These are a sort 
of inverted pyramid tanks fitted with watertight sand valves The 
clay solution enters the separators through a spray device at a point 
about one-third the height of the separators, and comes out through 
slots at the top of the separators, finally passing through outlet 
pipes to the settling tanks. 


A 



Fig 3— Snapshot on the right shows the mechanical washers at a distance, the 
haulage system and the separators The picture on the left shows the 
separators at close view 
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The washers and the separators have certain special devices 
for the control of the flow of water, the clay solution, sand separa- 
tion etc , which need not be specially described here The process 
is so controlled that all grit is made to collect at the bottom of the 
separators and the clay substance only flows over to the top The 
sand and gritty matters are cleaned intermittently and discharged 
into tubs both from the washer and the separators It will be 
apparent that only fine sand comes out of the separator and the 
quartz and gritty substances of high dimensions are let off from 
the washer. 



Fig 4 — Snapshot showing settling tanks and washers 


The settling of clay in solution from the hand washers and 
mechanical washers is done in six square tanks and this is the 
second stage m the refining process Ordnanly it takes about 
12-16 hours to settle, but this time is reduced by the addition of 
a few pounds of aluminium sulphate into the tanks which complete 
the settling in aboiit 4 hours The execessive use of sulphate of 
> alumina cannot however be encouraged because this is found by 
experience to reduce the plastic properties or the suspensibility of 
the clay owing perhaps to the minute trace of the sulphate which 
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remains m the clay and the lowering of the colloidal properties of 
the clay 

When the clay has settled in the tanks the water is drained 
off from the tanks by means of right-angled bent pipes having 
their shorter ends connected to the outside dram running along the 
tanks and the longer arms dipping into the water inside the tanks 
This drained water passes to a common reservoir and can be used 
over again 

The settled clay at the bottom of the tanks are connected by 
means of pipes to a suction pump, which discharges the clay to 
filter presses or pressing out the water from the clay and forming 
it into blocks or cakes, before it goes to the drying chamber 

The final stage m the refining is the drying of the pressed 
cakes of claj' The clay which thus comes out of the presses still 
contains about 15-20% moisture 

The drying plates are constructed of 1 O' x 5 ' boiler plates 
nvetted on to 3 " channel iron frames to form steam-tight hollow 
bodies The hollow plates about 32 m number are arranged on 
one level on supports in a covered shed The cakes are placed 
on the plates and steam at about 1 0 lbs pressure is allowed to pass 
inside these plates, the pressure being contiolled by safety valves 
attached to pressure gauges The condensed water is discharged 
by outlet pipes attached to the plates 

Each batch takes about 8 hours to dry completely The 
dried clay is dumped down from the plates to a comented floor 
underneath where it is packed and despatched m gunny bags 

When weather conditions are favourable, as it undoubtedly is 
from January to May, the surplus stock of pressed clay is dried 
m the sun on a large cement platform 

As caly, dried much over 100°C, gives off its water of hydration 
slowly with consequent loss of its porosity and plasticity, care is 
necessary in drying The steaming arrangement described above 
is such that the temperature cannot but be near about 100 C 

The washing efficiency of the hand washers is about 75 % 
and that of the mechanical washer 9% In practice about 
3 tons of crude clay are required to produce 1 ton of refined clay 
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The sand that comes out of the mechanical washer is over 97 % 
pure The loss of clay m mechanical washing system \s due to 
the overflow of clay water which is incidental to the opening 
of discharge valves for cleaning The loss in the case of 
hand washers is due to the sedimentation of clay in the sand at 
the bottom of the washers By a second washing this sand too 
can be cleaned up to 97%. 

It need be mentioned that m other Singbhum mines, the 
washing is only carried out in hand washers and drying is done 
in the sun These mines do not even possess presses, but take out 
the settled slip from the tanks in buckets and spread out the clay in 
balls or lumps made by hand The washing and drying arrange- 
ments in other clay mines m India arc also extremely poor 

Those who are aware of the conditions prevalent in other 
countries will have to admit that Indian mines must 
make rapid advance in order to compete successfully with 
foreign manfacturers both in qualitj' and m price 
There is no import duty on clay and steamer freights 
from exporting ports are invariably cheaper than railway 
freights for transportation in India With large scale produc- 
tion and better refining system the impoitcrs will always be at 
an advantage over indigenous productions This applies specially 
to the supply of clay to the cotton mills in Bombay and Ahmeda- 
bad which are by far the largest consumers The writer will revert 
to this subject later on m the course of this article 

Chemical and Physical Composition oj Clays — Pure kaolin 
is shown by the chemical formula AFO,, 2I~FO 2SiO_ It 
is monochmc It has a specific gravity between 2 2-2 6 It has a 
hardness of 1 according to Moh’s scale, lustre dull and colour 
white It is considered infusible and is soluble in hot concentrated 
sulphuric acid 

From the commercial point of view, the only physical pro- 
perties of importance are colour, feel, plasticity, suspensibihty and 
comparative absence of free silica or gritty matters Majority of 
consumers go by these physical tests and it is only the advanced few 
who care for the chemical analysis However, impurities in the 



The Smgbhum China, Clay Industry 


581 


clay 'will greatly affect the manner m which it will behave towards 
heat and chemicals Traces of iron, copper and manganese 

beyond a certain limit will impart a dull appearance to dyed textiles 
It is also known that potash, soda or .oxides of iron increase the 
degree of fusibility, while a higher percentage of sihca and alumina 
•render it more refractory 

The cotton textiles require the best clay, the paper manufac- 
turers the medium grade clay and the potteries the ordinary clay 
Indian standard has reached the stage of successfully meeting the 
demands of both paper and pottery manufacturers for any grade 
It has just begun to supply to the cotton mills but it is the con- 
sidered opinion of the author that to maintain its position in this 
respect against foreign supplies the Indian manfacturer must see 
his way to modernise his refining system It may be possible to 
make a few hundred tons of superfine clay merely by selection of 
the crude, but to gam a permanent market this procedure will 
neither be paying nor lasting The writer will dilate uopn this at 
the conclusion of this article. 


Physical Pioperties — 


Specific Gravities of Indian and Imported China Clay 
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Plasticity — Plasticity of Indian or Smgbhum clay is 
found to be slightly lower than the best English clay But the best 
Kasimbazar clay is found to be better in this respect than common 
imported clay as used by paper mills^ 

Colour or Shade — Colour of best grade imported clay 
used in cotton mills is superior m whiteness to the Smgbhum 
clay. Smgbhum clay can be made equal to best imported variety 
if the refining is properly handled and the selection of crude is 
made from large scale mining operation. 
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Suspensibihty — By suspensibihty is meant the capacity 
of the clay to remain suspended ''in water for a reasonable length 
of time On this depends the spreading power when the clay is 
converted into a sizing dough or applied to paper pulp as an 
emulsion In this respect also Indian clay can be classed as an 
intermediate between the best imported clay and paper quality clay 
The author agrees with Mr. Kerridge that the suspensibihty 
of Indian clay compared to a first class imported clay is higher for 
the first few minutes (about 8) In order to see whether this pheno- 
menon will hold good if an electrolyte added to the two solutions 
give similar results equal amount of clay was put in equal 
volumes of water, and burettes of same capacity weie taken for 
measurement. 

TABLE No 1 
(In water) 



Best Imported 
Clay 

Common grade Kasimbazar 

Imported Clay Clay 

Time in minutes 


Readings in Cms 


2 

! ' 

6 

6 

-a 

3 

10 

10 


4 

15 

15 


5 

19 

21 

5 

6 

23 

25 


7 

25 

29 


8 

27 

35 

25 

9 

29 

41 


10 

30 5 

45 5 

35 

13 

34 

47 


15 

36 

Settled 

48 



TABLE No 2 



(In water acidified with hydrochloric 

acid) 


Best Imported 
Clay 

Common grade Kasimbazar 

Imported Clay Clay 

Time in minutes 


Readings in Cms 

K 


2 

10 

12 

a 

8 

4 

20 

25 

15 

6 

27 5 

3 7 

27 

8 

32 

43 5 

36 - 

10 

35 

46 

41 5 

12 

37 5 

— 

43 5 
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Mr Kerridge explains the phenomena of higher suspensibility 
of Indian clay in the early stages of settlement to the presence of a 
greater percentage of kaolmite in Indian clay In the opinion of 
the author this expalnation is not conclusive and perhaps better 
explanation will be forthcoming by studying the colloidal properties 
of the two clays. 

Absorption Power Absorption power of Kasimbazar 
clay for water is more than lower grade imported textile clay and 
the paper grade But the best quality English clay is found to be 
superior to Indian clay. 

To see if this absorption power would follow the same order 
in the case of colouring matters m oils, test experiments were made 
with linseed and cocoanut oils The assumption was verified 
The colouring matters m the oils were most discharged by the best 
English clay 

Mechanical Analysis — In order to know how clays will 
behave towards pyrometric tests, the following results of mechani- 
cal analysis conducted at the Hindu University will serve as a 
guidance It is a well-known fact that finer the particles the greater 
will be the pyrochemical reactions 

According to Seger, the true clay particles are those that are 
under 0 01 mm in size The results show that Indian clay contains 
respectively 65 1 and 69 9% of true clay substances These 
results diffei widely from those obtained by Mr Kerridge who 
finds the English clay to contain 65 2% agianst 54 9% of the 
Kasimbazar clay 

A B 

Patharghatta Clay Kasimbazar Clay 


Coarse particles ranging 
upto 0 323 mm diam 

Fine sand from 

0 30% 

0 16% 

0 323 to 040 mm 

Silt from 0 040 

2 00% 

9 96% 

to 0 022 

12 94% 

10 78% 

Rock dust from 

0 022 to 0010 mm 

19 98% 

8 92% 

Clay substance 
from 0 010 midftnum 

65 10% 

69 99% 


100 32% 

99 81% 
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Porosity and Fire Contraction of Indian Clays — The follow- 
ing table gives the tests of porosity and fire contraction of Indian 
clays made at the Benares Hindu University. As this might be 
of use to Indian pottery manufacturers it is thought advisable to 
include the results here 



Patharghatta Clay 

Kasimbazar 

Clay 


Fire Contraction 

Porosity 

Tiro Contraction 

Porosity 

iooo°c 

2 2% 

41 70 

2 0 % 

40 523 

1 150°C 

2 7% 

42 00 

2 423% 

41 902 

1 170°C 

3 2% 

42 40 

3 0 % 

42 912 

mere 

4 0% 

31 30 

4 2 % 

32 211 

I230°C 

8 1% 

26 3 

8 3 % 

26 500 

1290°C 

9 1% 

20 6 

9 6 % 

20 100 


BehaOiow towaids Chemical Reagents — As clay for its 
use m paper, cotton dyeing and other purposes is generally treated 
with water, hydrochloric acid, sulphite solution, bleaching powder 
and caustic soda comparative tests with these reagents were carried 
out The result is tabulated below 



Best Imported 
Clay 

A Second grade 
Imported Clay 

Kasimbazar Clay 

Water 

No change 

Grows dull and 

darker 

Faintly towards 
Yellow 

Hydrochloric Acid 

T aintly 
Yellowish 

Marked change 

than in water 

A bit more 

Yellowish 

Bleaching Powder 
Solution 

No change 

As in water 

As in water 

Sulphite Solution 

No change 

Seems to improve 
in shade 

Seems to improie 
in shade 

Caustic Soda 

No change 

No change 

No change 


It appears from the treatment with hydrochloric acid that all 
the clays contain traces of iron The changes with sulphite solu- 
tion confirm this, although the changes are only recognised by close 
observation. 



Chemical Analysis of Imported and Singbhum Clay 


The Singbhum China Clay Industry 


585 



D 

X 

5 

>* 

3 

u 

m 

•n 



m 

o 

vO 

o 

o 


O 

■ — 

1 10 

o 

^r 




m 

<N 

O 

1 o 

rr 

, , 

c/3 



cn 







m 

rr 

o 

o 




74 


Total 99 79 



586 


L. Gupta 


Chemical Analysis of Imported and Smghlntm Clay , — No 1 
and 2 imported clay arc the best tc> tile grades and 3 and 4 
are common paper grades No 1 and 2 Kasimbazar represent 
their best grades and 3 and 4 their oemmon paper grades It will 
be noticed that the Indian qualities contain more iron and also more 
alkalies Loss of ignition of Indian clay is slightly less than 
imported clay Indian clay should be impiovcd regarding its iron 
content. Analyses given m Mr Kcrridgc’s paper for English clay 
are apparently all paper grades, because as per author's experience 
English textile grade clay contains maximum 0 5% ferric oxide 
In the above analysis silica represents the total silica both free and 
combined It is the experience of the author that free silica or 
gritty matter in Indian clay is between !%-3%, whereas this in 
the imported qualities is higher 

Comparative Analysts of Kasimbazar and other Indian China 
Clay — 

(Results obtained at the Ceramic Department, Benares Hindu UrmerMtj) 



China Chi) 
from 

Rnjmahal 

China Cla\ 
from 

Kn-umln-ar 

Chinn Clnv 
from 

Pathar, hattn 

Silica 

51 21' , 

48 76’, 

47 54 , 

Alumina 

36 97' , 

38 27 , 

37 18 

Ferric Oxide 

1 18% 

1 02 „ 

1 26 , 

Lime 

93 „ 

1 03', , 

84% 

Magnesia 

33% 

55 '« 

1 02 , 

Potash 


1 69 „ 


Soda 

67'., 


0 12 

Titanium Oxide 




Loss on ignition 

8 7 % 

8 6 

12 12 , 

Total 

100 00 

100 00 

100 00 


Electi o-Osmosis of Clay — With a view to sec how fineness 
and the shade of Kasimbazar clay con be improved, preliminary 
experiments were conducted with it by the electro-osmosis process 
m the laboratory of the Osmosis Company Ltd , London. The 
results can be summarised as under — 
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Semi-refined clay — The clay was mixed with water in the 
proportion of 900 1 500 by weight with 6 c c normal sodium sili- 

cate per kilo of clay A large proportion of clay were carried down 
with the residue during settlement. The clay remaining m 
suspension was treated by electro-osmosis process The yields 
m this experiment from 437 gms. dry clay are 

LOSS Residue 202 7 gms = 46 4% 

Clay in residue 62 7 gms = 14 4% 60 8% 

YIELD Osmosed Product 114 0 gms = 26 0% 

Clay in Effluent 57 6 gms=13 2% 39 2% 

437 0 gms= 100 0% 

N B Clay m effluent is recoverable m commercial operation 

The next experiment was with crude clay (containing 15% 
moisture) which would presumably be used m the working cf the 
electro-csmosmg process (1000 grs of clay equivalent to 845 
grs of dry clay) weie mixed with 1200 gms of water and 45 cc’ 
normal solution of silicate of soda as an electrolyte After 10 
minutes’ settlement the suspended clay was syphoned off and 
treated as in the first experiment The lesidue from the prill ■ 
mmary settlement amounted to 471 gms =55 7% 

This residue was found to contain — 

Quartz etc 276 gms = 32 6% 

Clay substance 195 * gms = 23 1% 

This left 375 gms for the electro-osmosis Results weie 


as under — 

LOSS 

Residue 

166 I 

gms = 44 3% 



Clay in residue 

30 7 

gms= 8 2% 

52 2% 

YIELD 

Osmosed Product 

1175 

gms=31 4% 



Clay in Effluent 

60 3 

gms= 16 1% 

47 5% 



374 6 

gms = 

100 0% 

Expressing 

these results m 

terms of the original 846 gms 


crude clay we have 
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1st residue 

Sand 

276 

gms = 32 6% 


Clay mailer 

195 

gms = 23 1% 

2nd residue 


166 1 

gms= 19 6% 


Clay in residue 

30 7 

gm«= 3 6% 

Yield 

Osmosed Product 

1175 

gms= 13 8% 


Clay in Effluent 

60 3 

gms= 7 2 % 



845 6 

gms=99 9% 


From this it is apparent that the actual yield of osmosed pro- 
duct amounts to 21 % crude clay This yield can surely 
be improved upon by washing the residue and by adjusting the 
exact proportion of water, clay and electrolyte and also the correct 
voltage at which the osmosing should be carried out In this 
case 50 volts were used and the product at the anode was wet and 
contained 52 % moisture 

The appearance of the osmosed clay was fine white and it 
was soft to the feel 

Electro-osmosis of Indian clay is not a commercial proposi- 
tion for large scale supplies But osmosed clay has a greater 
medicinal value than ordinary clay. Such a clay is sold to 
the medical world at a very high price This production can be 
taken up with advantage by a Pharmaceutical Works m India. 

A passing remark may be made that kaolin is largely used 
as an emulsion in medicine for human consumption It is also 
administered to cattles for the treatment of certain diseases 

Conclusion * — To-day Singbhum clay is meeting all the 
demands of the paper mills and the pottery works in India 
Minor requirements for toilet goods preapration, soaps and 
medicines are also fulfilled Its progress m supplying the cotton 
mills is however poor The causes working against its advance 
are twofold The first is that it is not as yet as good as the best 
imported variety to which the cotton mills are used to for a con- 
siderable time And as it is with everything m this country it will 
take a long time to overcome prejudice and bring about a change 
So when the people of the country is prepared to buy a cloth turned 
out wholesale from Indian raw materials inspite of its being cent 
per cent not equal to a foreign cloth of same value, the manufac- 



The Singbhura Chin? Clay Industry 


589 


turers look at each other and try to steal a march over the customer 
and twist out from him an extra amount by making their product 
Jook apparently brighter by treatment with foreign China clay 
This sort of mentality m the manufacturers of this country 
js deplorable. 

The second reason for its lower sales m textile mills is due to 
the exorbitant railway freight for the transport of this com- 
modity Clay can be landed from Cornwall in Bombay in ship- 
loads at about 15 shillings per ton, whereas it cannot be carried to 
Bombay from the mining centres at less than Rs 20 per ton in 
full wagon The production capacity of the Indian mines are 
much smaller than English mines and their equipments also 
poorer Competition therefore naturally is keen 

If Smgbhum mines owners intend to capture the textile 
market and successfully compete with English clay, they must 
bring their full resources to play 

The author makes the following observations from experience 
gained by him during the course of the last 1 4 years in large scale 
chemical operations and allied trade m this country and abroad 
which m his opinion will go to perfect the China clay industry in 
Smgbhum. 

(a) The formation of a Smgbhum China Clay Syndicate or a 
Limited Company with a capital of Rs 10,00,000 This Com- 
pany is to produce a minimum of 1 5,000 tons of refined clay 
annually 

(b) The closing down of uneconomic mines 

(c) The adoption of modern refining system — such as 
the modified Dorr system The crude clay should be first subject- 
ed to preliminary roasting at low tempeiature m funnel driers 
and subsequently air separated to discharge colouring matters and 
free the clay from its excessive grit contents The pressing of 
wet clay to be managed by a group of continuous Rotary Vacuum 
Filters. The final drying of the clay to be either m vacuo 
or enclosed chambers by means of hot an blowers or in Rotary 
Driers by steam or blowers The dried clay is to be again 
air separated followed by automatic weighing and bagging 
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The quality of the clay likely to be obtained by this arrange- 
ment for refining will be equal in every respect to the English clay. 
It will have a uniform brilliant white shade, very soft to the feel 
and absolutely free from gritty matters. 

(d) For the mining or quarrying operations hand labour is to 
be retained as the nature of the deposits is such as the same would 
not warrant the installation of excavators but better means for the 
disposal of the overburden from the quarry should be introduced 
such as carriage by travelling cranes. 

A remark about the waste sand from the refining operation 
of Smgbhum clay will be found interesting This waste sand can 
be obtained over a purity of 97%. It is perfectly white and almost 
free from objectionable impurities, but the traces of clay make this 
unsuitable for glass manufacutre Trials were made by several 
glass works but all failed as the presence of clay gave a dim body 
to the glass It can be profitably used for building purposes and 
internal decorative work but owing to prevalent high transport 
charges to large consuming centres this outlet is also closed 
Experiments were finally made with this sand at the University 
College of Science, Caluctta to see if this can be successfully used 
for the manufacture of silicate of soda. The experiment was suc- 
cessful. 

Silicate of soda is an important widely consumed heavy 
chemical It is largely consumed m soap manufacture, m hard 
concreting, sizing, pasteboard making and m various other pur- 
poses The annual imports are over 2,000 tons and bulk of this 
is taken up by Bengal. The other raw materials required for the 
manufacture of the silicate of soda are salt cake or soda As the 
disposal of salt cake or acid cake is a problem for all chemical 
manufacturer m India and as the coal for the fuel can also be 
obtained cheap 'in Bengal or Behar, the manufacture of silicate of 
soda either as a subsidiary to the clay industry on the spot or at 
a centre near about Calcutta will prove to be a useful utilisation 
of the waste sand obtained as a by-product from the China clay 
refining m Smgbhum. 
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The mysterious behaviour of many sensitive plants has 
engaged the attention of the Biologists all over the world It has 
also made a tremendous appeal to the great Imdan plant-physio- 
logist Sir J, C Bose Most of us have noticed how the sensitive 
plant Mimosa pudica droops down at the very touch of human 
hand It has surprised some and puzzled many Many scientists 
have probed into the question and have come forward with 
different explanations Sir Jagadis also has his own theoiy in 
explanation of the peculiar phenomenon He says that just as 
some sensation is created m an animal body whenever a chilly 
wind strikes it or any icy cold hand touches it, so also the plant 
Mimosa pudica experiences a similar sensation through its whole 
frail body at the slightest touch of the hand, as a result of which 
it bends down as if m modesty Thus so far as the sense of touch 
is concerned, a parallelism is claimed to exist between an animal 
and a plant 

But in order to understand how a plant feels, It is necessary to 
know beforehand how an animal experiences the touch, communi- 
cated to its external body The Biologists have ascertained that 
the animals become aware of the external touch or shock only 
through the agency of their internal nerves When the excitement 
due to an externa] cause reaches the bram through definite paths 
or channels existing within the framework of the body, the animals 
become aware of the shock The channels through which the 
shock or impulse travels to the brain are known as nerves The 
sensation of any shock is again concomitant with the contraction 
of the muscles Muscles contract as soon as the impulse due to 
a shock reaches them through the nerves and this contraction gives 



592 


Satyendra Nath Sen-Gupta 


a sure indication that the sensation has been felt. A few illustra- 
tions will clear the point 

When the tail of a lizard is cut off, the tail itself is seen to 
make convulsive movements This is due to the fact that the 
muscles begin to contract as soon as the excitement due to the ‘cut’ 
reaches them through the nerves A similar effect is produced 
when a “climbing fish” (Anabas scandens ), bereft of its head, is 
seen often to jump up as soon as it is placed on a frying pan In 
both these cases, contraction of muscles due to stimulation is the 
cause of the movement The heads m both these cases have been 
severed from the bodies Pet there is no doubt that the bodies 
(even in absence of bram-centre) have felt the shocks When a 
pmch is given to the tip of one’s finger, there follows not only a 
sense of pain but a simultaneous involuntary withdrawal of the 
hand due, no doubt, to the contraction of the muscles 

Such a nervous phenomenon may broadly be divided into 
three different stages 

First, the external shock 

Second, the passage of the excitement, due to the shock, 
through the nerves 

Third, the contraction of the muscles, when the impulse 
reaches them 



A, pulvinus, b, cotton wool, to be soaked with ice cold water or 
poison, C, electric current block 
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The scientists have further discovered several special features 
of the nervous system known to them as physiological bloc\s 
Wherever these features are found to be present one may conclude, 
without any mistake, that the nerves themselves are present there 
Let us first of all take stock of these features 1 

(1) The conducting power of the nerves decreases when cold 
is applied to them That is to say, more than usual time is taken 
by the nerves, if they are cold, to communicate any particular 
stimulus to the muscles 

(2) If poison is applied to the nerves the}' lose then powei 
of conduction That is to say, howevei powerful a shock may 
then be given to a body, the nerves do never communicate :t to the 
muscles and the muscles, therefore, have no cause for contraction 

(3) Similar block phenomenon occurs if instead of applying 
poison or making the nerves cold, an electric current is passed 
along a portion of the nerve thiough which the impulse travels 
So long as the cunent flows the conducting power is arrested, but 
when the current is stopped or the block is removed, the nerve 
regains its original power 

These are the broad special features, which prove the exis- 
tence of nerves in an animal body We are now to investigate if 
the same rules equally hold good in the case of the plants. 

But before we undertake this task, we must decide how we 
are to give shocks to a plant If instead of being pinched, a person 
is stabbed with a dagger he is sure to jump up In such a case 
one scarcely finds an opportunity to observe whether particular 
muscles of his body contracted or not, the whole framework of 
his body being then in an agitated condition Let us cite another 
illustration When pussy’ is petted with slight strokes of the 
hand, she swells in her body and her hairs all stand on their ends 
under a sense of gladness The pleasant sense of soft touch on her 
coat is conveyed by the nerves of her body and fills her frame 
with joy But the moment you strike her hard, she will run away in 

1 Bose, J C, Plant Autographs, pp 185-186 

75 
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fear Similar is the case with a Mimosa leaf. If the shock given to it 
be strong it will instantaneously fall down with a twitch, nay, the 
whole plant will “he low” as if m fear In order, therefore, to 
conduct the experiments with a plant, the shock to be given must 
be properly regulated 

An electric shock given by an induction coil is the best, for 
it can be most conveniently regulated But this does not mean 
that shocks of other kinds will be of no a\ail Indeed it is not 
always possible for all to take recouise to electric shocks So I 
would refer to some easy means which may conveniently be 
adopted to perform these experiments 

A prick from a very pointed needle will serve the purpose 
The pointed end is inserted very slowly and lightly into the midrib 
of a sub-petiole of Mimosa pudica taking care that the leaf is not 
at all disturbed The experiment may be better carried out with 
a pair of sharp scissors than with a needle. 

By means of a pair of scissors a few leaflets towards the tip of 
a sub-petiole may be easily and readily cut off, and m doing so 
there is little chance of the leaf being bodily disturbed. 

Now for the experiment First of all a part of the petiole of 
a leaf of Mimosa pudica is to be wrapped with cotton wool 
Now if a few leaflets are cut off, as stated above, by means of a 
pair of scissors, the purpose of giving the requisite mild shock to 
the plant will be served and as a result the leaflets will 

begin to close The time is noted down, from a watch, 

when the last pair of leaflets closes (after which the pul- 

vinule of the sub-petiole is seen to move laterally a little to- 
wards its neighbour) After some time the leaf itself will be seen 
to fall down suddenly The time is noted again It will be found 
that some fifteen to twenty seconds have elapsed before the impulse 
could reach the muscle (viz the pulvmus) This represents the 
time taken by the stimulus to travel the whole length of the petiole 
(neglecting, of course, the latent peuod of the muscle) Sir J C. 
Bose says that the sensation due to the cutting of the leaflets reaches 
the muscle of the plant through the nerves within the petiole, as a 
result of which the muscle contracts and the leaf falls down. This 
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reaction is similar to what is seen to occur m the case of an animal 
muscle-nerve preparation 

Now, if a plant really has, as we have supposed, nerves 
within its petioles, then it must also possess all those special 
features which are characteristic of the existence of nerves within 
an animal body That is to say, it must behave m the same 
manner to the blocks (viz , passage of electric cunent, or applica- 
tion of cold or poison), just os an animal does under similar circum- 
stances. 

If the time in the previous experiment has been correctly noted 
it will be seen that it lakes geneially 15 to 20 seconds for the 
impulse to travel from the end of the sub-petiole to the muscle of 
the plant (that is, from the junction of the pulvmules to 
the pulvinus) The excited leaf takes about 15 to 20 minutes to 
regain its original normal condition In other words, the time 
oj lecooery of the excited leaf is 1 5 to 20 minutes Now, when 
these timings have been carefully noted the cotton wool, "wrapped 
round the petiole, is soaked with ice-cold watei The intense cold 
soon cuts into the petiole and ultimately makes the nerves within 
practically inert Then again a shock is applied to the plant by 
cutting off a few leaflets with the scissors as befoie Caie is, of 
course, taken so that the magnitude of the shock may be the same 
in both the cases 

Here it is found that quite an unusual delay is being caused 
for the impulse to reach the muscle The colder the petiole, the 
greater will be the delay and the longer will be the time It often 
happens that if the petiole is kept intensely cold for a long period, 
the impulse would not reach the muscle at all, and consequently 
the leaf would not fall If instead of ice-cold water we soak the 
cotton wool with some poisonous solution (e g Potassium Cyanide 
or Coppei Sulphate solution), we find that the conducting powei is 
altogether destroyed within 4 to 5 minutes time Similar effect 
is produced when electric current is made to pass So long as the 
Current flows, the impulse does not at all travel thiough the petiole 


* /oc cit 
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and cannot reach the muscle. But as soon as the current 
is stopped, the muscle contracts and the leaf drops down, which 
means that the 'impulse due to the shock is then carried to and 
reaches the muscle producing the contrary reaction. 

There is another feature which, m the opinion of the 
Biologists, goes a great way m proving the existence of the nerves 
m animals. This is what is known as “Reflex Arc’ action When 
an intense stimulus impinges upon the surface of the skm of an 
animal, a nerve ( sensoiy ) conducts the ingoing impulse to the 
nerve-centre, the impulse is then i effected as an outgoing one and 
travels along a new path { motor newe) causing contraction of the 
terminal muscle. This complete circuit of action is the “Reflex 
Aic” action 



Fig 2 — Reflex Arc action 

Ingoing or afferent impulse (shown by arrow pointing inwards) and 
outgoing or efferent impulse (shown by arrow pointing outwards) 

A parallel arrangement is seen in the leaf of Mimosa If, by 
means of a pair of scissors, three or more leaflets are cut off towards 
the tip of the left sub-petiole, the passage of excitation is evidenced 
from the gradual closure of the leaflets. When the impulse reaches 
the pulvmule it moves a little towards its neighbouring friend At 
this stage the impulse enters the petiole and after a while the arrival 
of the impulse at the pulvmus is indicated by the fall of the leaf 
The time taken can be determined, as before, by obseivmg the 
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interval between the closure of the innermost pair of leaflets and 
the fall of the leaf The impulse is then reflected back, as is 
clearly shown by the almost immediate gradual closing of the 
leaflets of the neighbouring sub-petiole m an outward direction 
The interval between the fall of the leaf and the closure of the first 
pair of leaflets of the second sub-petiole gives the time of con- 
duction of the outgoing impulse It is found that the transmission- 
time for the ingoing impulse is on an average 20 secs , while that 
for the outgoing is only about 3 secs Thus the velocity of the latter 
is more than six times greater than that of the former 3 This ex- 
periment, therefore, admits of very little doubt that there is a 
Reflex Aic in the leaf of Mimosa 

From the facts stated above, we infer that so far as 
the question of response to stimulus is concerned, the same laws 
apply equally well to animals and plants. 

But this is not all Various experiments have been conduc- 
ted with rigorous accuracy and precision at the Bose Institute, 
Calcutta, to prove that the plants possess nerves just as the animals 
do I would mention here only a few of those interesting experi- 
ments 

It is a well-known fact that the animal-physiologists isolate 
the nerves of an animal body for the purpose of making all sorts 
of experiments with them In the Bose Institute also similar ex- 
periments have been performed with plant nerves after isolating 
them from the plant body Animal nerves when left idle foi a 
long time become more or less inert and lose their power of con- 
ducting stimuli We are all aware of the occasional tingling 
of our hands and feet when left m the same position for a consider- 
able length of time and are not moved at all Such hands or feet 
will, to a certain extent, be found dead to all external sensation 
A pinch then given to them will not be fell. Such nerves, how- 
ever, can be stirred into activity by the application of a strong 
continuous stimulation Many, perhaps, have seen that partially 
paralytic persons regain their power of sensation when the benumb- 


2 Bose, J C , The Nervous Mechanism of Plants, p 182 
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ed part of the body is subjected to battery treatment. 
The inert plant nerves, which do not function properly, have 
also been examined m the same way at the Bose Institute The 
changes that take place an such nerves (both of animals and plants) 
when subjected to a continuous stimulation, are shown m 



Fig 3 — (After Bose) Isolated animal nerve first three strokes indicate response of 
inert nerve and the following ones that after stimulation 


. -.7 ~ ; : v „. 





Fig 4 — (After Bose) Isolated plant nerve left-hand portion indicates response at the 
state inert and right-hand portion indicates response after continuous stimulation 
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the diagrams (figs. 3 & 4), a comparative study of which will be 
quite interesting ** 

It is an experimental fact that though the impulse due to an 
excitation travels m both directions through the nerves of an animal 
body, yet there is a difference in that it travels more easily and 
with greater speed m one direction than m the other 
This characteristic is also found to exist in plants 1 If with 
a sharp pointed needle one side of a stem of Mimosa pudica, carry- 
ing a few leaves, is scratched it is found that the excitatory impulse 
flows through the neive within the stem , and as it reaches the 
pulvini, the leaves begin to fall above and below the point where 
the scratch has been applied, indicating that the excitation is being 
transmitted through the stem in both upward and downward 
directions If now the time taken by the leaves to respond be 
noted carefully, it is found that the time of transmission of the 
stimulus in the downward direction is much greater than that m 
the opposite. That is to say, the impulse due to the scratch has 
travelled faster in the upward direction 

By means of selective staining and microscopic examination 
Sir Jagadis has succeeded in investigating the internal history and 
minute structural details of the conducting strands He has dis- 
covered two distinct nervous layers (external and internal), which, 
so far as their properties of conducting and responding to stimuli 
are concerned, bear a close resemblance to the animal nerves 


3 Bose, J C , Plant Autographs, pp 105-197 

4 Bose, J C , The Nervous Mechanism of Plants , p 3 & p 49 
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There is a wise saying current m this country that occasion 
makes even the voiceless vocal and imparts to the lame agility of 
limbs Not having made a special study of science, my rule is to 
avoid dabbling m scientific topics But the auspicious occasion of 
Sir Prafulla Chandra Ray’s Septuagenary has induced me to make 
an exception And for the purpose of his Commemoration Volume 
what subject can be more appropriate than Alchemy, — which (in 
the words of a chemical authority), m its clumsy crucibles 
and alembics painfully sought (m the medieval age) to change 
lead into gold, and incidentally founded our modern science of 
Chemistry ^ 

Medieval Alchemy 

When western science was young, that is in the 18th and the 
first half of the 19th century, it was naturally arrogant and far too 
self-conscious — unware that ‘ Modern science appears to be 
re-discovering some of the discoveries of ancient science which 
were lost sight of and forgotten’ (Sir Oliver Lodge) In his 
bumptious cock-sureness* the western scientist invariably heaped 
ridicule on the laborious effort of the alchemist in his laboratory 
to manufacture the Philospher’s Stone ( Lapis Philosophorum or 
Sparsha Mam, as we name it m this country) — ‘that perfect and 
incorruptible substance or Noble Tincture which could purge all 
baser metals of their dross and turn them to pure gold’ — regarding 

* 1 am old enough to remember a time when some of the spokesmen of Science 
(never indeed the greatest), displayed a cock-sureness that was curiously out of keeping 
With the spirit of to-day — Sir Alfred Ewing, F R, S m his Presidential address (1932) 
to the British Association, 
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the practitioners of the Hermitic Ait as no better than crass ignora- 
muses and their Magnum Opus (‘Great Work’) as so much wasted 
labour 

It will be out of place to dilate here on the modus ope > andi of 
the alchemist which, as it has come down to us, is usually veiled 
m far-fetched allegories, designed to convey the secrets only to the 
elect but concealing them from the uninitiated — and is clothed m 
symbolical language of deliberate obscunty But we know 
this much that for the “great work” the alchemist made use of 
the three “elements”, — sulphur, salt and mercury, the last (which 
he called the unseizable mercury the ladical Moyst, the primitive or 
elementary water) being the most important The three ingre- 
dients, being then enclosed m the Athanor (vessel), with various 
solvents peculiar to the different alchemistic recipes, have to be 
subjected to a gentle fire (the Incendium Amons) Then 
the “great work” begins But the three “elements” have to be 
foiced into the proper combination m order that the Azoth may be 
formed The mixture has to pass through three successive stages 
The first stage is called “Putrefaction” when it takes on a black 
colour When that is passed, whiteness appears, the stage of Luna 
(silver) The alchemist, when he has found Luna, is not content 
but tosses it back into the crucible m order that he may complete the 
“great work” and transmute it into Philosophic Gold, whose 
colour is red Gold in the alchemist’s view is the perfect metal 
— the crowned King or Sol, and when m the final stage ‘the 
marriage of Luna and Sol’ has taken place, then only the Magnum 
Opus is completed and the Philosopher’s Stone forged Thus the 
art of the alchemist consisted in bringing forth the latent “gold- 
ness” which lies obscure in the baser metals 

Whether any alchemist ever succeeded m realising his dream 
of transmuting the baser metals into gold may be questioned, but, 
as later researches have proved, his root idea that one element is 
susceptible of transmutation into another was not m the least 
unscientific, and m the middle of the 19th century, after science 
had found its feet, we find the great Faraday recording his judg- 
ment as • “To decompose the metals, then to reform them, to 

76 - . - 
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change them from one to the other and to realise the once absurd 
notion of transmutation are the problems now given to chemists 
for solution Let none start at the difficult task and think the means 
far beyond him everything may be gamed by energy and perse- 
verence ” In the eighties of the game century, Madame Blavatsky 
hazarded the bold prophesy that ‘the old Alchemy would re- 
appear as the new Chemistry’ 

In the new Alchemy of the 20th century, this prophesy, as 
we shall see, is on the point of verification 

The Indivisible ( Atom 

Chemical science, as we know, is mainly concerned 
with the question of the composition of the material universe, 
and its conclusion is or rather was until a few decades 
ago, that notwithstanding its manifold ‘multiplicity, the 
material universe is made up, in the ultimate analysis, 
of 70 odd elements Take a drop of water If it be 
divided and subdivided, say into a million parts, we get what is 
called a molecule , should that molecule be broken up, we shall 
get two atoms of l^'drogen and one atom of oxygen Or take a 
lump of gold It may be divided and subdivided until we arrive 
at a gold molecule and ultimately at the atoms composing that 
molecule In the case of the drop of water, we were concerned 
with a compound , here we are dealing with a simple substance 
or “element ’’ Each element then — gold, silver, mercury, 
sulphur, hydrogen, oxygen, nitrogen etc — is composed of atoms 
and some scientists have had the hardihood to assert that ‘the 
maximum number of atoms in our visible universe is represented 
by the figure 6 followed by mnety one ciphers,’ an atom being 
the minutest part into which matter is divisible 1 

How minute is an atonH A cubic inch of space (according 


* That these minute corpuscles can build up gigantic bodies oUch as the earth, 'lie 
planets, tire sun and stars is astonishing — like most other things in the Unnerse -when 
we diVe down into them But yet p seems an undoubted fact for which the evidence 
is exceedingly strong — Lodge 
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to Dolbear) contains the number represented by 125 followed 
by 21 ciphers Hydrogen, we know, is the lightest element and 
the size of a hydrogen atom has been calculated to be less than 
1 /1,50,000,000th part of an inch And its weight ^ ‘It weighs a 
million million million times less than a minute visible speck, such 
as a granule of lycopodium, which is about as small as can be 
weighed on a very delicate chemical balance’ (Lodge) Take a 
molecule of albumen Its size is said to be 1 / 5 , 000^000 of an inch 
and as one thousand atoms go to the composition of a single 
molecule of albumen, the size of this atom must be 
1/5,000,000,000 of an inch 

For a long period, chemists thought that the atoms were 
permanent bodies, indivisible and indestructible So late as 1894 
Dolbear wrote ‘No atom is destroyed, nor its individual property 
changed m any way Atoms do not decay but remain as types of 
permanency through all imaginable changes ’ In saying this, 
modern science merely carried on the old Greek tradition, from 
which the word “atom” was derived, which literally means ‘a 
particle of matter so small that it cannot be cut or divided (a = not 
and terruen = to cut) ’ That was also the idea of the Vaisesika 
Philosophers — the ancient physicists of India, who spoke of the 
atoms or “Anus” as being eternal (Nitya) and taught that the 
material universe was composed of four kinds of “permanent” 
atoms — the earthy, the watery, the fiery and the airy, and that 
these atoms progressing downwards became monatomic, diatomic 
tetratomic etc ( Anu Dwanu Trasarenu etc ) (This was disputed 
m the Sankhya and the Vedanta Systems But that is another story) 
Against this view of the indivisibility of the atom, Madame 
Blavatsky, who claimed to be m touch with ancient science, entered 
her caveat, asserting that ‘it was on the infinite divisibility of the 
atom that the whole science of occultism was built ’ But orthodox 
science looked askance, entrenched m its rigid immobility 

The Atom breeds up 

The first inroad, so far as a mere layman can make out, into 
the indestructibility of the atom was made by what are called the 
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“Cathode Rays’ \ These rays, as every schoolboy now knows, 
are pioduced when a current of electricity is sent through a glass 
tube, out of which all but the merest fraction of air has been 
exhausted by a powerful airpump The current of electricity enters 
the tube by one wire called the positive pole and leaves it by the 
other wire termed the negative or “Cathode” pole, and when the 
current is passing through the tube a bright glow of light is seen in 
the neighbouihood of this Cathode To this light is given the 
name “Cathode Rays” When the scientists carefully examined 
these rays, they were driven to the conclusion that the action of the 
electric current had been to split up into infinitesimal fragments the 
particles of air left m the tube and that these Cathode Rays really 
consisted of streams of these infinitely minute fragments, which 
were found highly charged with (negative) electricity Glass, as 
is well known, is one of the very densest of substances, — the fine- 
grained matter of which it is made up being so closely locked 
together that it is practically impervious and impenetrable. Liquids 
will pass through a coarse-grained material like a flower pot, for 
example, but not through glass , even air does not penetrate it, nor 
ordinary electricity But in the case of the Cathode Rays, so 
minute are the particles which compose them, that they pass 
through the glass as if it weie a sieve. The pores of the tube are 
too small to let the air atoms through but these Cathode Rays pass 
through quite easily, because they are minuter than the atom Thus 
science had to admit that it was possible to subdivide the atom and 
dealing with these Cathode Rays, Prof J J Thompson affirmed 
that they must be one thousand times smaller than an atom of 
hydrogen gas 

Then came the discovery of radium by Madame Curie The 
behaviour of this strange element attracted considerable notice. It 
was found, among other things, that radium gave off “emana- 
tions ” These were collected in glass flasks, and after having exa- 
mined them, scientists declared that they had no doubt that radium 
atoms were breaking up before then very eyes Now came loud 
protestations from sundry Professors, who vied with each other in 
disowning the ‘atom.’ ‘An atorft is an atom rto longer — not a 
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single indivisible unit but a congeries of moving and warring bodies’ 
(Lodge) ‘Physicists have found that the chemical atoms can be 
broken up into bodies called electrons’ (Rutherford) ‘We have no 
reason to suppose that the so-called atoms are not dissociable at 
high temperature’ (Lockyar) ‘The atom of a gas is composed of 
smaller corpuscles’ (J J Thompson) In their new-born zeal, a 
few (it seems) protested too much — Mr R A Fesenden, an 
eminent American mathematical physicist, estimating that an atom 
of hydrogen compused about one thousand corpuscles and an atom 
of mercury contained about two hundred thousand corpuscles 
Anybody it was conceded on all hands that the atom was not, as 
theretofore believed, the fundamental unit but ‘a little world in 
itself of complicated and delicate structure 

Protyle and Prahjiti 

By this time Sir William Crookes had published his provoking 
paper on the “Genesis of the Elements’’ suggesting, what the fact 
was, that ‘not one of the elements of Chemistiy really deserved 
that name’ (Secret Doctrine, vol 1 , 584) and Lord Kelvin had, 
formulated his epoch-making Vortex-Atom Theory, lemindmg one 
of the puramc fable of the charming of the Milky Ocean (the sea 
of homogenous root-matter) with Mandara as the stable axis and 
the positive Devas and the negative Asm as tugging the serpent 
Vasakj m opposite directions so as to produce spiral motion m 
that primeval sea Thus scientists came to suspect what occultism 
had always taught viz , that ‘the recognised chemical elements 
were m fact modifications of a single material element’, which 
came to be called the primordial element or the meta-atom 

Each of the known elements — oxygen and iron and gold etc , 
must, as they now saw, be really built up of a number of these meta- 
atoms and that the difference between the atom of oxygen and the 
atom of iron depended upon the structure of the atom and not 
upon the material of which it was made - 

Thus what had been called an atom was found to be a com- 
posite body, a compound — not an element and it was now said 
that there was but one matter and that all chemical elements were 
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but modifications, aggregations, of this one ultimate matter — “a 
complicated collection of units, themselves similar” (Rucker) 

To put the idea clearly before the mind, one writer compared 
the primordial atom to a brick With the same sort of bricks, he 
said, you might build a great variety of houses — a temple, a palace, 
a townhall etc ‘Each sort of house, to follow out that illustration, 
might be regarded as a chemical element and instead of these 
chemical elements, it was this ‘primordial atom’ that was the 
material of which the world was made, and the first business at its 
making was to make the chemical elements.’ 

Sir William Crookes had already laid the foundation for all 
this by his “Protyle” — the root base of the chemical elements 
Earlier still, the author of “World-Life” had declared — “It is the 
dream of science that all the recognised chemical elements will 
one day be found to be modifications of a single material element 
This had also been asseverated by Madame Blavatsky in her 
Secret Docbine ‘There is only one fundamental element in the 
system That one element undergoes numberless aggregations, 
dissociations and modifications, resulting in all the innumerable 
compound bodies.’ 

May I pause for just one moment over this homogenous 
Protyle of Crookes^ To me it has a familiar ring and reminds me 
of Praknti, the rootless root ( Amulam Mulam) of the Sankhyas — 
which was m a state of ‘differential equilibrium’ that was broken 
up by the cyclic impulse at the end of Pralaya and underwent 
sevenfold primary differentiation in the seven planes of the Cosmos, 
giving rise to the seven tatwas — Adi, Anupadaka, Akasa, Vayu, 
Tejas, Apas, and Kshiti — the Mahat, AhanJiara and the five 
Tanmatras of Kapila, which are spoken of as the seven Prakuii- 
Vikriiis of the afore-mentioned primary undifferentiated equili- 
brated PraJiritt Thus there are really not one but seven Piotyles 
and it was the last, the Protyle of the physical plane, 
which Crookes’ Chemistry sought and found and this primordial 

* It appears more than possible that all the elements — oxjgcn, hjdrobcn, copper, 
tin and iodine for example — are but allolrophic modifications of one hind of matter, the 
‘'Protyle' of Professor Crookes — Sir William Ramsay in November 1903, 
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stuff it was that at the dawn of evolution in the present cycle 
separated off into atoms and aggregated into molecules 

The structure of the Atom 

In recent years there has been much investigation and shall 1 
say speculation as to the architecture of the Atonj , that is, its 
nature and composition As might be expected, the experts do not 
all speak with one voice How can they^ Has it not been said 
and said truly — Nasai Muriu Yasya Matan na bhinnarm^ But the 
generally accepted view, which is mainly based on the researches 
of Rutherford and Bohr, may briefly be formulated thus (in this I 
am condensing two remarkably lucid articles by Sir Oliver Lodge 
and Dr A S Russel respectively and shall, whenever possible, 
make use of their language, so as not to fall into any unconscious 
misrepresentation) An atom, according to this view, is built up on 
the general pattern of a solar system, that is to say, it consists of 
bodies which are much like the sun and planets on a very minute 
scale (Lodge) First of all there is a group of protons in the centre 
which may be taken to represent the sun and outside it and at some 
distance from it, a regular series of electrons revolving round it, 
either singly or in rings like the planets 

All atoms, we are assured, are built up on one single plan. 
What is that plan- 5 There is the nucleus — the massive positive 
proton near the centre (like the central sun m a solar system) and 
revolving electrons, playing the part of planets round that sun. 
The number of revolving electrons vary from one to nmetytwo 
They are mobile units of negative electricity with a mass that is 
negligibly minute (its diameter being about 3 times the hundred- 
million-millionth of a centimetre) and a velocity which is almost 
gigantic, varying from about 50,000 to 186,000 miles per second 
The proton also moves with incredible velocity but it differs from 
the electron m possessing mass and in being positive and not 
negative electricity (The proton, though no bigger than the 
electron, weighs as much as 1 830 electrons In other words, a 
proton weighs just about the same as an atom of hydrogen, but it is 
m bulk a million million times smaller) The number of protons 
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'in the atom’s nucleus varies for diffeient atoms, from one to two 
hundred and forty As to the group of protons m the centre, ‘half 
of them are welded together by a compact and interleaved assem- 
blage of electrons, which are also able to hold on the other half of 
the protons, as part of the compact group’ (Lodge) 

As already stated, the nucleus of the atom contains negative 
as well as positive electricity and as these units are exactly equiva- 
lent, the actual positive charge which the nucleus bears is not the 
number of its protons but *that number minus the number of nuclear 
electrons Take an atom of gold The nucleus at its centre con- 
tains 197 protons and 1 18 electrons, so that its net positive charge 
is 79 It has been found that the number of net positive charges m 
the nucleus of an atom of any kind exactly corresponds to the 
number of planetary electrons therein’ 1 ' and this is its most 
characteristic property and it is called the atomic number 
Hydrogen, the lightest element known, has m its nucleus a positive 
charge of one, it has one planetary election The nucleus of 
helium, which is the second lightest element, has a net positive 
chaige of two, it has two planetary electrons Lithium is the third 
lightest Its nucleus has a net positive charge of three, it has three 
planetary electrons And so on until we arrive at uranium, which 
is the heaviest of elements , its nucleus has a net positive charge 
of 92 and it has 92 planetary electrons 

There are then 92 chemical elements in nature (each with its 
own atom)no more and no Jess, and each element has its own atomic 
number The atomic number of some of the more familiar 
elements may be given below hydrogen I , helium 2 , lithium 3 , 
carbon 6, nitrogen 7, oxygen 8, sodium 11, chlorine 17, iron 26, 
gold 79, mercury 80, lead 82, radium 88, uranium 92 No 
element but gold has the number 79 If it were changed, whether 
spontaneously or artificially to 78 or 80 or any other number, it 
would cease to be gold and become another element (What is 
here said of gold is true of every other element) 

* The number of un neutralised protons at the centre and the number of planetary 
or revolving electrons in any given atom, m its normal state, must be the same Many 
or few, there must be the same number of each — Lodge 
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Here then is the modus of transmutation of one element into 
another If we can alter the net positive charge in the nucleus of 
an element, then that element will inevitably change into another. 
Take mercury which has 80 net positive chaiges m its nucleus 80 
positive charges may become 79 m two ways, by losing a positive 
charge or by gaming a negative one The former possibility, so 
far as one can judge, is most unlikely But suppose a negative 
' charge is by some means incorporated into the nucleus of a mercury 
atom, that atom will in the most matter-of-fact way be transformed 
into gold Thus the theory of the thing is plain enough But has 
such transformation been ever effected in practice ^ 

Transmutation of Elements 

Now, if we watch the behaviour of what are called the radio- 
active elements (uranium, radium etc ), which are also the heaviest 
of the chemical elements, we may observe the transformation of 
one chemical element into another, taking place spontaneously in 
nature A radio-active element is, we know, ‘one which possesses, 
m addition to the properties of a normal element, the power of emit- 
ting spontaneously <- or particles ’ As another authority has 
put it i ‘Raio-active elements explode as a canon explodes, firing 
off a shot with vehemence, at a speed of several thousand miles an 
hour ’ Be it noted that this action is absolutely spontaneous and 
beyond the control of human agency m any way No chemical 
combination with other elements, no physical manipulation, such as 
enormous temperatrue or pressure, seems to be able to affect the pro- 
cess at all Speaking of this radio-activity (what Lodge charac- 
terises as the tumbling down process) Dr A. S Russel says 
‘A definite fraction of the total number of atoQis comprising the 
radio-element breaks up every second The consequence of the ex- 
pulsion of either an <*- or a /?- particle is that the residual atom is 
completely different from that from which it results, or what is the 
same thing, from an atom that has not broken up A radio -ele- 
ment consequently contains always at least two kinds of atoms 
—those that have broken up and those that have not The un- 

77 
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changed atoms comprise the parent element the residual atoms 
comprise the product The product is perfectly distinct from its 
parent in physical and chemical properties and can easily be 
separated from it by the ordinary methods of analytical chemistry 
If now the product happens like its parent to be radio-active, a cer- 
tain fraction of it will disintegrate per second to form a third sub- 
stance and this body, if radio-active, will produce a fourth, the 
fourth a fifth and so on, till a substance is reached which has not' 
the power of disintegrating, when the series of elements abruptly 
ends Such a senes is called a disintegration series and three of 
these are at present known In a disintegration series, each element 
but the last is the parent of the one that follows and except the first, 
the product of the one that precedes The elements that head the 
three series are the rare elements uranium, thorium and actinium ; 
the element that terminates each series is the common element 
lead ’** 

All this is very interesting but it hardly carries any appeal for 
the ‘p ractl cal man’ , for, of what use is the production of a common 
element like lead from rare substances like uranium or radium^ 
It would (proceeds Dr Russel) be excellent, if the process could be 
reversed But the process cannot be reversed It proceeds always 
from heavier to lighter atoms owing to the fact that an °c - particle 
having a mass of 4 is expelled at each step But the atoms of gold 
and platinum and even mercury are lighter than those of lead, the 
descending order of atomic mass be.ng lead, mercury, gold and 
platinum, so that if radio-activity did not cease v/ith lead, these 
rare elements would be spontaneously produced from it But again 


* In this connection it is useful to remind us of certain experiments conducted by 
Sir William Ramsay in the early days with the emanation which radium is constantly 
giving off, which Ramsay collected in tiny flasks “He found that after it had been 

collected for a couple of day$, its spectrum — which previously was entirely unlike any yet 
studied — began to display the typical yellow line of helium, the gas first known and 
christened by its constant presence in the Sun In four or five days, the helium line 
grew brighter and in another week the spectrum of helium was positively blazing in the 
hermetically sealed tubes that had been filled with the pure emanations Or gaseous 
bUtput of radium * * * In other words, one element had been literally seen to fchange 
into ahothdr of quite Afferent nature, Under the eyes of the experimenters". 
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the ‘practical man’ is baulked The natural process stops abruptly 
at lead 

But can artifice succeed where nature fails ^ That is exactly 
the task which the alchemist had set before himself We know 
that scientists have succeeded m the artificial disintegration of atoms 
of a few of the lighter elements This was successfully carried out 
by Sir Ernest Rutherford and his colleagues at Cambridge about 
1912, who started with the theory that if we could strike an atom 
like a target by a projectile then it might be disrupted, and this is 
what actually occurred Rutherford used as projectiles the violent- 
ly flying < particles emitted by the radio-element radium C When 
he directed these projectiles on to or rather through the atoms of 
some of the lighter elements (boron, nitrogen, fluorine, sodium, 
aluminium and phosphorus) thousands of them hit nothing, but 
occasionally they did hit the nucleus, with the result that the atom 
so hit was disintegrated and some of its odd fragments were flung 
out with great velocity and he got a few violently ejected atoms of 
hydrogen Here then was the artificial transmutation of one light 
element into another 

But can we do it with the heavier elements — lead and silver 
and mercury, for instance ^ 

Now, from time to time there have not been wanting ‘excur- 
sions and alarms’ in this field, but so far they have failed to secure 
the assent of the strait-jacket scientist Some years ago the news- 
sheets were full of Professor Emmens, a skilled American 
metallurgist who claimed that ‘in the reduction of silver the mole- 
cules are so subdivided as to differ so materially from the metal that 
they must be regarded as a new substance, parent apparently of 
both gold and silver’ and fruther claimed that ‘this new metallic 
substance can be aggregated into molecules of greater density than 
silver and corresponding to gold in colour and weight 

A similar claim was put forward later by M Jolhvet Castlelot, 
the President of the Alchemical Society of France, who boldly pub- 
lished his recipe to the world, instead of keeping it a secret The 
recipe which is set out below will be found quite stra’ght-forward 
and the ingredients simple. 
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‘One hundred and twentyfive parts of chemically pure silver 
are melted in a clean crucible To this is added seven parts- of 
yellow orpiment (arsenic trisulphide) and three parts of antimony 
sulphide. This is fused together for about four hours at 1 ,00C 
degrees Centigrade and produces a yellowish coloured mgot The 
latter is again melted, and ten parts of orpiment and five 
parts of antimony are again added, little by little, to the pot It is 
kept at the same temperature as before for a further four hours. 

‘Then comes the last process of fluxing the ingot Ten parts 
of salpetre and the same amounts of sal-ammoniac and borax 
mixed with a paste of scraped white soap are added to the crucible 
This claims the molten metal, which again changes colour from 
gold to white It is then poured out and cooled. 

‘The operators claim that the mass now consists of silver 
alloyed with a small ^proportion of gold Analysis and assay 
estimates indicate that the gold content is about one quarter per cent 
of the silver employed.' 

These claims, however, left official science cold and the 
claimants themselves were regarded as self-deluded egoists, if not 
imposters Later still came the experiments of Dr. Adolf Miethe 
of the Technical University in Charlottenburg, Berlin, who publish- 
ed a detailed bulletin as to how he had succeeded in making gold 
out of mercury This created much stir in scientific circles So it 
is worth while to summarise the process used by the Doctor. ‘He 
passed (I am quoting Dr. Russel’s description) a high tension dis- 
charge through pure mercury vapour for many hours continuously, 
and discovered that m certain circumstances the mercury at the 
end was contaminated by a small quantity of gold. This amount 
was very small, rarely exceeding one part in hundred million parts 
of mercury, but by using a large quantity of mercury and prolong- 
ing the current for many days, the experimenter obtained sufficient 
gold not merely to give the characteristic behaviour of this element 
towards chemical reagents but even to show its colour and streak. 
* * The high-tension electric dischaige which he used consisted of 
swiftly moving electrons In his apparatus these would collide with 
atoms of mercury. A very small proportion of the electrons would 
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penetrate the outer layers of the atoms and be directed on to the 
nuclei The majority of them would not do this, partly because 
the nucleus was a very small target easily missed and partly because 
the energy necessary to reach the nucleus might have been lost m 
encountering obstacles But as soon as the electron had penetrated 
the protecting barriers, it would fall into the nucleus unless, for some 
reason, the usual behaviour shown by positive charges of attracting 
negative charges did not hold here The moment the electron is 
captured by the nucleus of mercury that necleus becomes a nucleus 
of gold ’ Dr Miethe’s achievement has met with serious 
challenge m certain quarters where it has been asserted that the so- 
called pure mercury vapour used by him was not pure after all, but 
was already tainted with a very faint trace of gold 

Whatever that might be, it is important to bear m mind 
that transmutation of this artificial kind is possible, unless 
indeed the present views of atomic structure are radically wrong 
As we have seen, the fundamental property of an element is the 
excess of positive charges of electricity over negative in the nuclei 
of the atoms composing the element. This number for mercury, 
as we have seen, is 80, that for gold is 79 If by any means an 
electron (a negative charge) can be successfully conveyed to and 
absorbed by the nucleus of a mercury atom, that electron would 
transform the atom of mercury into an atom of gold. No doubt the 
process is very very difficult. As Sir Oliver Lodge has observed — 
‘Atoms are exceedingly porous, just as porous as a solar system, 
so that a projectile going through them is quite unlikely to hit any- 
thing But every now and then it may, and sooner or later it must, 
on the doctrine of chances It may go through ten thousand atoms 
without hitting anything But if ten thousand projectiles were 
loosened through the solar system at such speed that gravitation had 
no appreciable effect, one of them at least might hit the sun and 
then something would happen ’ What is that something There 
is a smash and the sun breaks up that is to say, that atom is dis- 
integrated, not spontaneously (as in radio-activity) but by the 
explosion of a shell or the impact of a violent projectile, and we get 
violently ejected atoms of another kind, As another writer has put 
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it — “By knocking a piece off the sun or adding a piece to it, the 
substance changes entirely.” 

As I have said, the process is the reverse of easy. But we 
may take heart from Faraday’s brave words already quoted, 
“Everything may be gained by energy and perseverence ” 
Moreover is it not presumptuous to assume that the methods hither- 
to made use of by modern science, which have presumably failed, 
are the only ones available to human ingenuity and intuition ^ It 
may well be that the medieval alchemists of Europe and for the 
matter of that, the ancient alchemists of India and China were in 
possession of other and better methods which modem science will 
someday rediscover and then succeed m this final task of 
transmutation 


Spiritual Alchemy 

Raising Alchemy to the spiritual level, as the Hermetic Philo- 
sophers (who call themselves the spiritual alchemists) have done, 
may we not regard the whole legend as an allegory of transmutation 
of the “natural” into the “supernatural” man 3 For when he, who 
was of the earth earthly, ascends to the perfect state, becomes 
perfect as “the Father in Heaven is perfect”, is not his nature 
utterly transmuted into a “new form” 3 * This is more than hinted 
at by Sir Thomas Browne in his Rehgio Medici and is expressly 
declared by the German mystic Jacob Boehme ‘Would you fam 
find the Noble Stone he asks, ‘It is m a simple form and has the 
power of the whole Deity m it’ At the same time Boehme gives 
a solemn warning that if you be not a Magus and worthy, you shall 
ever remain blind 

From this viewpoint, Man is ‘the true laboratory of the 
Hermetic Art He is constituted, as Saint Paul has told us, by a 
body, a soul and the spirit — the sulphur, salt and mercury of the 
alchemist Sulphur is man’s earthly nature, seasoned with 
intellectual salt, and mercury is spirit m its most mystic sense’ 
(Underhill on Mysticism) — -the human-Divme spark, the Divine 
fragment (to use the language of the Gita) This mystic mercury, 
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‘the scrap of Reality’ within Man, has to transmute the sulphur and 
salt of his senses and his mind until the lower metal, his 
personality, is profoundly affected and' suffers a sea-change, into 
something rich and strange’ until the ‘natural man is trans- 
muted to Divine Humanity which is the ‘spiritual gold’ of the 
alchemist This process is called “Purgation” m Mysticism and 
the Mystic has rightly pointed out that there can be no transmuta- 
tion without fire — “no cross, no crown ” When this fire has done its 
office, and the “Noble Stone” has been fashioned, the great work 
is finished. For by this process of spiritual Alchemy, a new 
Saviour has come to birth, the true Lapis Philosophorum, which, 
as the spiritual alchemists point out, is a tinging stone and is not 
only itself gold but, what is more, imparts its goldness to the baser 
metals brought within its sphere of influence In other words He 
not only saves himself but can and does save otheis 

Using another kind of symbology, the spiritual alchemists 
speak of the whole process of transmutation as “the hunting of the 
Green Lion” — the wild intractable Personality, full of vim 
and vitality but ‘wanting maturities’ and so rightly called “green”. 
This beast has to be tracked and caught after a long chase and 
then you have to decapitate him That is to say, you have to so 
treat your personality that it becomes practically dead. But not 
utterly — for as soon as you have cut off this lion’s head, he mys- 
teriously grows wings wherewith to fly to Sal , the Perfect or Divine 
and is then transformed into the Red Dragon, which is an apt 
symbol of Deified Man — the Huanya-Shasru l Hnanya-Kesha 
Apranakhat Suvaina (golden to the finger tips) of the Upanisads. 
Thus the Magnum Opus is finished. 



